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Zinc Supplementation Reduces the Incidence of Acute Lower Respiratory
Infections in Infants and Preschool Children: A Double-blind,
Controlled Trial
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Sarmila Mazumdar, MB, BS*; Anju Sinha, MB, BS*; and Maharaj K. Bhan, MD*

ABSTRACT. Background. Increased acute lower re-
spiratory infection incidence, severity, and mortality are
associated with malnutrition, and reduced immunologi-
cal competence may be a mechanism for this association.
Because zinc deficiency results in impaired immunocom-
petence and zinc supplementation improves immune sta-
tus, we hypothesized that zinc deficiency is associated
with increased incidence and severity of acute lower
respiratory infection.

Methods. We evaluated the effect of daily supple-
mentation with 10 mg of elemental zinc on the incidence
and prevalence of acute lower respiratory infection in a
double-blind, randomized, controlled trial in 609 chil-
dren (zinc, n = 298; control, n = 311) 6 to 35 months of
age. Supplementation and morbidity surveillance were
done for 6 months.

Results. After 120 days of supplementation, the per-
centage of children with plasma zinc concentrations <60
pg/dL decreased from 35.6% to 11.6% in the zinc group,
whereas in the control group it increased from 36.8% to
43.6%. Zinc-supplemented children had 0.19 acute lower
respiratory infection episodes/child/year compared with
0.35 episodes/child/year in the control children. After
correction for correlation of data using generalized esti-
mating equation regression methods, there was a reduc-
tion of 45% (95% confidence interval, 10% to 67%) in the
incidence of acute lower respiratory infections in zinc-
supplemented children.
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Conclusions. A dietary zinc supplement resulted in a
significant reduction in respiratory morbidity in pre-
school children. These findings suggest that interven-
tions to improve zinc intake will improve the health and
survival of children in developing countries. Pediatrics
1998;102:1-5; experimental trial, nutrition, pneumonia, re-
spiratory infections, zinc.

ABBREVIATIONS. ALRI, acute lower respiratory infection; WHO,
World Health Organization; RR, respiratory rate; LCI, lower chest
indrawing; GEE, generalized estimating equations; OR, odds ratio;
CI, confidence interval.

cute lower respiratory infections (ALRIs),
predominantly pneumonia, cause approxi-
mately 4 million deaths every year, account-
ing for one-third of all childhood deaths in develop-
ing countries.'® Community-based trials have
documented that a case-management approach, in-
volving antibiotic treatment to all children with
rapid breathing, can reduce ALRI mortality by 50%.*
Currently, only a small proportion of all ALRI can be
prevented, eg, by immunization against measles and
pertussis.>* Additional interventions to prevent
ALRI are needed to complement the case-manage-
ment approach and immunizations being imple-
mented in developing countries.”®
Malnutrition has been shown to increase both in-
cidence and severity of ALRI, including pneumo-
nia, ™" and is an important determinant of ALRI
mortality.”® The postulated mechanism for this effect
is reduction in immunological capacity, especially in
cellular immunity, which occurs in malnourished
children.'#716 In experimental models, isolated pro-
tein and energy malnutrition does not result in im-
paired cellular immunity."” The reduced immunolog-
ical competence in malnourished children may be
attributable to zinc deficiency, because this is associ-
ated with impaired cellular immune status,’®" an
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effect that is reversed by zinc supplementation.?’?!
We hypothesized that zinc deficiency in children is
responsible for increased incidence and severity of
ALRL In this report, we describe the effects of zinc
supplementation on ALRI morbidity in a large, com-
munity-based, controlled trial of infants and pre-
school children in India.

METHODS

Study Design, Eligibility, and Randomization

The details of the study population, design, methods, eligibil-
ity, recruitment, and randomization have been published.??
Briefly, in a low socioeconomic population of urban India, 609
children, 6 to 35 months of age, presenting to a community-based
clinic for acute diarrhea were enrolled and assigned to zinc or
control groups. Home visitations daily for supplementation and
every fifth day for morbidity assessment were started from the
date of enrollment. At the first home visit after recovery from the
enrollment diarrheal episode (passage of three or fewer liquid
stools for 3 consecutive days), these children were enrolled in a
6-month trial. Before enrollment, a parent of the child was given
an explanation of the study and written informed consent was
obtained. The study was approved by the human research review
committees at the All India Institute of Medical Sciences, the Johns
Hopkins School of Hygiene and Public Health, and the World
Health Organization (WHO).

Study Treatments and Surveillance

Supplements were prepared and coded by Sandoz India Ltd
(Mumbai, Maharashtra). Both formulations were liquid prepara-
tions, similar in color and taste. Each 5 mL contained vitamins A
(800 units), B1 (0.6 mg), B2 (0.5 mg), B6 (0.5 mg), D3 (100 IU), and
E (3 mg) and niacinamide (10 mg); the zinc preparation contained
zinc gluconate (10 mg elemental zinc). A fixed dose of 5 mL per
child was given daily for 6 months to all enrolled children; during
diarrheal illness this was increased to 10 mL to provide for excess
zinc losses. Field assistants different from the morbidity surveil-
lance field workers visited the family every day and fed the
preparation to the child. For Sundays, holidays, or in case of
nonavailability of the child, a measured dose was left in a vial for
a relative to feed. A detailed log of days when a field assistant
and/or relative did or did not feed the supplement was main-
tained. Children were actually fed the supplement by a field
worker on 78% of days in the zinc group and 79% in the control
group. Additionally, a relative fed the preparation for 19% of days
in the zinc group and 18% in the control group.

Anthropometric assessments were performed at the baseline
and at monthly intervals.?® Stunting was defined as a z score of
<—2 for length or height for age (ie, more than 2 standard devi-
ations below the median for the National Center for Health Sta-
tistics reference population) and wasting as a z score of <—2 for
weight for length.? Plasma zinc was estimated at the baseline and
after 120 days of supplementation.?? The level to define defi-
ciency (<60 pg/dL) was selected according to the literature and
the standard of the laboratory where the assay was performed.??2

At household visits every fifth day or on the next day if the
child was absent, information was obtained on reported fever,
cough, difficult breathing, and feeding for each of the previous 5
days. If fever was reported, axillary temperature was recorded. If
cough was reported, respiratory rate (RR) was recorded twice for
1 minute and the child was examined for the presence of lower
chest indrawing (LCI). All children with a RR of more than 50 in
children below 1 year and more than 40 in children 1 year or more
were given cotrimoxazole for 5 days per the current recommen-
dations.’? If the child did not improve in 5 days or developed LCI,
drowsiness, convulsions, or refusal to feed at any time, the mother
was advised to bring the child to the clinic where a physician
examined and treated the child according to current recommen-
dations of WHO and the Indian Ministry of Health.”#

Data Quality Control and Processing

Before the study, extensive training of field workers for count-
ing RR, recording temperature, and detecting LCI was under-
taken. Both training videotapes from WHO and patient examina-

tions at the Department of Pediatrics at All India Institute of
Medical Sciences were used. The training was continued until
there was more than 95% concordance within the workers and
between workers and the trainer. Thermometers were calibrated
at baseline and once every 2 months. An average of 10% of
household visits were rechecked by supervisors and investigators.
Daily data processing with double entry by two different opera-
tors and a system for consistency, range, and logical checks were
used.

Outcome Definitions

Episodes of ALRI were defined as periods for which the child
was reported to have had cough and at least one assessment
documenting: a) an elevated RR more than the age-specific value
on both 1-minute estimations;”® and b) a recorded temperature of
>101°F or LCL Age on the day of RR measurement was used to
evaluate the age-specific values for diagnosis. For days of ALRI,
the presence of cough by recall was recorded for each day,
whereas the RR and temperature at the fifth daily visit were used
for that day and the previous 4 days. Resolution of illness was
defined as two consecutive visits (5 days apart) with RR less than
the age-specific value and no LCI. The last day meeting the criteria
for ALRI was then considered the last day of the episode.

Analytical Approach

A total of 609 children (zinc group, n = 298; control group, n =
311) were enrolled for the 6-month study. Person time analysis
was performed using days of actual follow-up as denominator
and either episodes (for incidence) or days (for prevalence) as
numerator. Additionally, to use generalized estimating equations
(GEE) for longitudinal analysis,?*? surveillance data of each child
was divided into 6 child-periods of 30 days each. This method of
analysis does not assume independence of events and so prevents
overestimation of significance because of correlation of morbidity
within children. For a period to be included in the analysis, the
child had to have at least 15 days of surveillance. A child who was
absent continuously for more than a month was considered ter-
minated from the study, but the information available for that
child was included in the analysis. Out of 609 children enrolled,
603 children with 3296 child-periods (zinc, n = 1633; control, n =
1663) were included in the analysis; 6 children (zinc, n = 1;
control, n = 5) did not contribute a child-period, as their total
surveillance was less than 15 days. Age, feeding, nutritional status,
and other time-dependent variables were estimated at the start of
each child-period.

Statistical Methods

Statistical analysis was performed using SPSSPC+ (version
6.0), Epi-Info (version 6.0), and SAS (version 6.11) software. Re-
gression models using GEE??® with logit link, binomial variance,
and exchangeable correlation were used. For incidence, occur-
rence of a new ALRI episode in the child-period was modeled as
a bivariate dependent variable with group allocation (zinc or
control) as the independent variable. For prevalence, days with
ALRI were modeled as the dependent variable using the events/
trials option (days of ALRI as events and days of surveillance as
trials), with group allocation as the independent variable. To
evaluate interactions of treatment effect with age, nutritional sta-
tus, zinc status, and gender, similar models with these variables
and appropriate interaction terms were used. GEE estimations
were done within SAS with GEE macro version 2.02.* To be
conservative, the robust estimates from GEE were used. Interac-
tion terms in models were assessed by the Wald test.

RESULTS

The baseline characteristics for the child-periods
included in the analysis were similar between the
two groups (Table 1). A more detailed evaluation of
comparability for baseline morbidity, feeding, and
socioeconomic status variables between the two ran-
domized groups has been presented previously, doc-
umenting that the two groups were similar.?® The
mean plasma zinc concentration was similar at base-
line in the two groups (Table 1), but was significantly
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TABLE 1. Baseline and Surveillance Characteristics of Child-
periods of Observation According to the Intervention Group*

Characteristic Zinc Group Control Group
Age at beginning of period (mo) 18.6 * 8.5 18.6 + 8.7
6-11 mo (% of child-periods) 24.6 25.7
12-23 mo 46.3 47.3
>23 mo 29.1 26.9
Nutritional statust
Normal (%) 32.8 31.5
Stunted 52.6 51.4
Wasted 31 3.9
Wasted and stunted 11.5 129
Baseline plasma zinc (ug/dL)  64.3 = 144 641 = 19.1
Males (% of child-periods) 51.4 51.7
Surveillance information
Children 297 306
Child-periods 1633 1663
Days of surveillance 45019 45768
Days with cough 9121 8090
RR measurements 1985 1801
Number of episodes/child
0 274 263
1 22 42
2 1 1

Abbreviation: RR, respiratory rate.

* Plus-minus values are means + SD.

t Stunting and wasting were defined as < —2.0 z scores for height
for age and weight for height, respectively, using the National
Center for Health Statistics reference population.?

1 To convert zinc concentration to micromoles per liter, multiply
by 0.153.

higher at 120 days postenrollment in the zinc group
(87.4 = 35.6 ug/dL vs 63.6 = 19.2 ug/dL; P < .01).
The percentage of children with plasma zinc concen-
tration <60 ug/dL decreased from 35.6% to 11.6% in
the zinc group, whereas in the control group it in-
creased from 36.8% to 43.6% (P < .01). Cough was
reported in the zinc group on 20.3% of days of ob-
servation and in the control group on 17.7% of days
[odds ratio (OR) 1.18; 95% confidence interval (CI)
using conservative GEE analysis, 1.06 to 1.32; P <
.001]. As the RR measurements were done only if
cough was reported, the zinc group had more RR
measurements (OR 1.13; 95% CI, 1.03 to 1.23; using
conservative GEE analysis, P < .001) (Table 1).

Effect on ALRI Incidence

There were 24 episodes of ALRI in the zinc group
(0.19 episodes/child/year) compared with 44 epi-
sodes in the control group (0.35 episodes/child/
year). In an uncorrected traditional analysis, zinc
supplementation resulted in a 45% reduction in the

incidence of ALRI (Table 2). Because the outcome
variable, ALRI, may be correlated between periods
for a child, we performed a more conservative anal-
ysis using GEE corrected for correlation. When this
was done, the zinc group had a 45% reduction in
incidence (Table 2).

Using WHO criteria for respiratory disease epi-
sodes based on fast breathing alone, the zinc group
had 137 episodes (1.11 episodes/child/year),
whereas the control group had 153 episodes (1.22
episodes/child/year). Zinc supplementation was as-
sociated with an 11% reduction (95% CI, —18% to
68%) in these illnesses in the corrected analysis.

Effect on ALRI Prevalence

There was a 40% reduction in the prevalence of
ALRI (95% CI, 27% to 51%; P < .001) in the zinc
group compared with the control group in the un-
corrected analysis and a reduction of 41% (95% CI,
0% to 65%; P = .54) in the corrected analysis (Table
2). Zinc group children had 1.92% of days of obser-
vation with RR higher than the age-specific value,
compared with 2.10% of days in control group chil-
dren, a reduction of 9% (95% CI, 0% to 17%) in the
uncorrected analysis and a reduction of 9% (95% CI,
—17% to 29%) in the corrected analysis.

Effect in Subgroups

There were no significant interactions for the effect
of zinc in preventing ALRI with age (6 to 11 months
vs >11 months), zinc deficiency (<60 pg/dL vs =60
pg/dL), stunting (<—2.0 z score for height for age vs
=—-2.0 z score), gender, or period (months 1 to 6).
There were trends of greater reductions in the inci-
dence of ALRI among children more than 11 months
of age (OR, 0.46; 95% CI, 0.25 to 0.86) and males (OR,
0.49; 95% CI, 0.25 to 0.95), but the differences were
not statistically significant (Fig 1). For prevalence,
there were similar trends of greater effect in children
who were older (OR, 0.56; 95% CI, 0.29 to 1.06),
zinc-deficient (OR, 0.35; 95% CI, 0.09 to 1.31), stunted
(OR, 0.54; 95% CI, 0.26 to 1.11), and male (OR, 0.49;
95% CI, 0.23 to 1.05).

DISCUSSION

This study in low socioeconomic preschool chil-
dren experiencing high rates of morbidity docu-
ments a substantial efficacy of zinc supplementation
in reducing ALRI morbidity. Zinc supplementation

TABLE 2. Effect of Zinc Supplementation on Incidence and Prevalence of ALRI
Outcome Zinc Group Control Group Effect of Zinc on ALRI
Odds Ratio 95% CI P Value

ALRI Incidence 24 (147)t 44 (2.65)

Uncorrected for correlation of data 0.55 0.33-0.91 .018

Corrected for correlation by GEE* 0.55 0.33-0.90 .02
ALRI Prevalence 155 (0.34)f 264 (0.58)

Uncorrected for correlation of data 0.60 0.49-0.73 <.0001

Corrected for correlation by GEE* 0.59 0.35-1.00 .054

Abbreviations: ALRI, acute lower respiratory infection, GEE, generalized estimating equations.
* Results presented are from the logistic regression analysis using robust estimates with GEEs.

t Number (percentage of child-periods) with ALRL
T Number (percentage of days of observation) with ALRIL
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Odds Ratio and 95% CI for effect of zinc
Fig 1. Effect of zinc supplementation on incidence of acute lower

respiratory infection by subgroups of age, baseline zinc concen-
tration, nutritional status, and gender.

was associated with statistically significant and clin-
ically important reductions of 45% in the incidence of
pneumonia and of 41% in the days spent with ALRL
The effect was observed in a setting with excellent
access to antibiotic case management for ALRI, as
recommended by WHO.

This study was conducted in a well-defined com-
munity, rather than in a hospital, so the results are
not likely to be affected by selection bias. The house-
hold visits every fifth day to assess morbidity should
have identified all serious respiratory illness. Al-
though this frequency of visits may have limited the
precision of information on daily outcomes, it would
not have biased the results, because the study was
double-blind and all children had identical illness
surveillance. For ethical considerations, all ALRI ep-
isodes were treated with appropriate antibiotics free
of charge, including drugs for children who did not
recover on initial cotrimoxazole therapy. This may
have reduced the prevalence and recurrence of pneu-
monia, which makes the estimate of the effect on
prevalence more conservative than would be ex-
pected under conditions with less optimal treatment.
Because the intervention provided vitamins to both
groups, the results of this study are indicative of the
effect on zinc in the absence of deficiency of these
vitamins.

The reported literature on relationships of zinc and
respiratory morbidity in children is limited. Three
studies reported a higher respiratory morbidity in
zinc-deficient children,®-3? identified in two studies
by low hair zinc®*?! and in a third by low plasma
zinc.* In malnourished children, zinc supplementa-
tion trials have shown mixed results in regard to
respiratory infections,?>*3* but two recent trials re-
ported a reduction in respiratory morbidity.>* No
published study could evaluate the effect of zinc
supplementation on ALRI or pneumonia, because of
their small sample size and/or their inadequate
methods of detection and diagnosis.

The RR criteria for treatment of respiratory illness
recommended by WHO, although appropriate as a
screening method for further assessment and inter-
vention, have a low predictive value for pneumo-

nia,” especially when used with household surveil-
lance rather than in a health facility with more ill
children. In a study with household surveillance for
respiratory infections in low socioeconomic children
of Lima, Peru, a definition of reported cough and fast
breathing plus twice-documented elevated RR had a
positive predictive value of only 8% for pneumonia
diagnosed by clinical and radiographic criteria (C.
Lanata, personal communication). A poor predictive
value would lead to misclassification errors and
hence a bias toward no effect of supplementation on
pneumonia or ALRI. Therefore, we included fever or
LCI in addition to elevated RR to have a more spe-
cific definition of ALRI that was likely closer to pneu-
monia. However, respiratory infection defined sim-
ply by cough and elevated RR was also decreased in
the zinc group.

The increase in cough seen in the zinc group, de-
spite reduction in ALRI, was probably an indication
of improved host defense mechanisms and is consis-
tent with our finding of improvements in immune
status of these children.®® This indicates that the use
of study outcomes combining cough and symptoms
of upper respiratory infections with ALRI, as was
done in most previous trials, may obscure an effect
on ALRI. As the RR was measured only when cough
was reported, the number of RR measurements
made in the zinc group were 11% higher. This re-
sulted in a higher probability of detection of ALRI in
the zinc group. Correction for this bias would in-
crease the magnitude of the effect on ALRI, but is not
presented in this article, which provides a more con-
servative estimate of effect.

The comparison of the effects of supplementation
among subgroups indicates that there was a trend
toward greater impact in children who were more
than 11 months old, male, zinc-deficient, or stunted,
but these differences were not statistically signifi-
cant. Much larger studies would be required to in-
vestigate differences between such subgroups.

A possible mechanism for the effects for zinc sup-
plementation on ALRI morbidity is enhanced im-
mune status, preventing establishment of infection
or improving the clearance of infectious agents.?~*!
Another possible mechanism of zinc is a direct anti-
viral effect;*>* however, the magnitude of effect in
this trial suggests that bacterial infections must have
been reduced, because bacteria cause most ALRI
(pneumonia) in children in developing countries.>”

CONCLUSION

A dietary supplement of zinc resulted in a signif-
icant reduction of ALRI morbidity in preschool chil-
dren. These findings, along with previously docu-
mented effects of zinc on diarrhea, immunity, and
growth, indicate that interventions to improve zinc
intake deserve more attention as means to improve
child health. Such interventions might include sup-
plements with zinc and possibly other micronutri-
ents, as well as dietary modification or fortification of
staple foods.
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