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Abstract

We conducted a randomized, double-blind placebo controlled, community trial in rural Bangladesh in children 4–59 mo of

age to compare the efficacy of a 5- and 10-d course of zinc therapy on the incidence and duration of diarrhea over the

subsequent 90-d follow-up after initial treatment for an acute childhood diarrheal (ACD) episode. Children (n = 1622) with

ACDwere randomly allocated to either 5 or 10 d of zinc treatment. Female field workers visited each child daily, supervised

the administration of zinc, recorded the duration of current episode, and the occurrence and duration of diarrhea over the

subsequent 3mo. The incidence of diarrhea over the 90 d of follow-up did not differ between the 5-d (1.086 1.38 episodes) and

10-d (1.02 6 1.35 episodes) groups (P = 0.35). Children in both groups experienced a comparable duration of diarrheal

episodes (3.16 5.6 d vs. 2.9 6 5.6 d, 5-d vs. 10-d, respectively; P = 0.64) with a mean difference between groups within

the defined range of equivalence. Time to onset of the first episode and the proportion children experiencing diarrhea during

the 90-d follow-up also did not differ between groups. These findings suggest that among Bangladeshi children, a 5-d zinc

treatment for ACD is as efficacious as 10 d in preventing diarrhea in the subsequent 3 mo. J. Nutr. 141: 312–315, 2011.

Introduction

Diarrhea continues to be a major cause of mortality and

morbidity in young children in developing countries (1). Al-

though the mortality due to diarrhea has been substantially

reduced in recent years, its morbidity burden has remained

almost unaltered (2). In settings where diarrhea takes its greatest

toll, zinc deficiency also coexists as a major nutritional de-

ficiency (3,4). Dietary inadequacy is mainly attributable to

inadequate intake of zinc (5) resulting from low consumption of

animal products rich in zinc and dependence on less bioavailable

plant sources with high phytate content (6–8). Also, abnormal

loss of zinc in the stool during diarrheal episodes often ex-

acerbates zinc deficiency (9). Zinc treatment trials in young

children in populations where zinc deficiency is likely to be
prevalent have shown substantial reductions in the duration of
the treated episode and the incidence of diarrhea over the
subsequent 3 mo (10,11). As a result, WHO/UNICEF diarrhea
management guidelines have been revised to include 10–14 d of
zinc treatment as an adjunct therapy during acute childhood
diarrhea (ACD) (12). National scale-up campaigns are now
underway in several countries where zinc treatment has been
adopted as policy, including the first such campaign in Bangladesh
(13).

The recommended duration of therapy is longer than the
duration of most acute diarrheal episodes, which typically
resolve within 3–5 d (14). Mothers usually stop medications
once the diarrhea resolves, resulting in nonadherence with a full
course of treatment. Even with intensive campaigns and moti-
vations, a zinc study in rural Bangladesh achieved a compliance
of 7 of the intended 14 d (10). Similar lower compliance to zinc
treatment has also been reported in recent impact monitoring
of National Scale Up of Zinc for Childhood Diarrhea in
Bangladesh (15).

The purpose of this investigation was to determine whether a
5-d short course of zinc treatment would offer equivalent
preventive benefits to 10 d of treatment in terms of decreased
subsequent episodes and decreased subsequent duration of
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episodes. We hypothesized that a 5-d course of 20 mg/d ele-
mental zinc would be as efficacious as a 10-d treatment.

Participants and Methods

Study design. This was a double-blind, community-based, randomized
trial carried out from February 2005 to May 2006.

Study population and randomization. This study was conducted in

13 villages in the International Centre for Diarrheal Disease Research,
Bangladesh (ICDDR,B) field site of Matlab, a rural subdistrict of

Chandpur district in Bangladesh. Infants and young children aged 4–

59 mo with diarrhea identified during daily home visits by trained study

female field workers (FFW) were eligible for entry into the study. If the
diarrhea was ,48 h duration, the child had not received antibiotic or

zinc for the current episode, and there were no signs of severe

dehydration, the child met the eligibility criteria and the mother was
asked whether she would consent to her child participating in the study.

The FFW explained to the mother that her child would receive a 5- or

10-d course of zinc treatment. Informed written consent was then ob-

tained. Children were randomized individually to a double-blind, su-
pervised administration of either 5 or 10 d of zinc treatment of 20 mg

daily elemental zinc in a dispersible tablet formulation. Those who were

randomized to 5 d of treatment received an inert, indistinguishable,

dispersible tablet as a placebo for the second 5 d to complete a total 10-d
course. Randomization applied permuted blocks of 6 and was carried

out by a scientist not directly involved in the study. Investigators

remained unaware of the treatment assignment until the analysis was
complete. The study was approved by the Research Review Committee

and Ethical Review Committee of ICDDR,B.

Conduct of study. FFW visited each child under her surveillance daily

for 10 d and ensured zinc administration in the home. They remained
with the child for one-half hour after zinc administration and recorded

whether the child spitted, vomited, or regurgitated during that period.

Zinc and placebo tablets were supplied in similar blister packs
manufactured by a French company (Nutriset). Starting from d 15,

children were followed daily at home for 90-d period so that diarrheal

morbidity could be recorded. FFW were local residents with a minimum

of a grade 10 education. After recruitment, they received 1 wk of
intensive training on routine surveillance, completing study forms and

questionnaires, and taking anthropometric measurement. Each FFWwas

assigned to a specific village. The number of children under surveillance

varied from 60 to 110/FFW. During daily routine visits, FFW asked the
mother or caretaker whether the child had a loose motion during the

previous 24 h. If the child passed $3 liquid or loose stools during

the previous 24 h, this was recorded as an episode. The FFW then further
interviewed the mother or caretaker about the number and consistency

of stool and related symptoms. A diarrhea episode was considered

resolved if the child remained diarrhea free for 3 consecutive days. If the

child moved within the study area to another FFW’s surveillance area,
the record of the child along with zinc tablets were transferred to the

respective FFW.

Sample size estimation. This study was primarily designed to test the
hypothesis that a 5-d course of zinc treatment would be as efficacious as

a 10-d course in preventing diarrhea over the 3 mo following treatment

of an episode. We assumed a 15% reduction in the incidence of repeat in

both groups. Previous studies in the same area reported that the
probability of having a second episode in 3 mo would be 0.425 (16) and

the difference (d) between treatment groups would not exceed 12%. We

calculated that the number of children with diarrhea needed to be

followed would be 2050 (1025/group) (17).

Data management and analysis. All data forms and questionnaires
were checked daily by field supervisors and edited before the data were

entered using MS Access, with built-in checks for consistency and

validity. Incidence of diarrhea and total time spent with diarrhea during

the 90-d observation period were compared by Student’s t test. The mean

difference in incidence between treatment groups and its 95% CI were

calculated to confirm that the difference did not exceed the defined limit

of equivalence irrespective of the significance in the Student’s t test.
Additionally, during the 90-d observation period, whether the 2

treatment regimens differ in terms of time to onset of the next episode

of diarrhea after initial treatment was tested by comparing the survival

function and the significance using the log rank test. The comparability
of the protective efficacy over the 90-d period between treatment groups

was tested by comparing the proportion of children who experienced

diarrhea. P , 0.05 was considered significant.

Results

A total of 1681 children with diarrhea were identified, of which
1656 were randomized to 10 d (n = 835) or 5 d (n = 821) zinc
treatment with a subsequent 5 d of placebo. Excluded were 6
children with bloody diarrhea, 16 with diarrhea for longer than
48 h, and 3 who had received an antibiotic for diarrhea. Of the
randomized children, 1622 had complete data through 90 d of
follow-up; the remaining 34 children were lost to follow-up
(Supplemental Fig. 1). The main reason for the loss to follow-up
after enrollment was having moved out of the study area (n = 28)
or withdrawal of consent to continue with the study (n = 6).

Children in both the 10- and 5-d treatment groups had a
mean age of 26 mo and were comparable in sex, nutritional
variables, maternal education, family size, drinking water
source, and defecation practices (Table 1). Adherence to
treatment was 99% for the first 5 d for both groups and 97%
for the second 5 d.

During the 90-d follow-up, the mean number of repeat
episodes did not differ between the 5-d (1.08 6 1.38 episodes)
and 10-d (1.02 6 1.35 episodes) groups. The number of days of
diarrhea was also similar in the 5-d (3.16 5.6 d) and 10-d (2.96
5.6 d) groups. Over the 90-d observation period, the day of onset
of the first repeat episode did not differ between groups. The
proportion of children who had at least 1 episode of diarrhea
during the 90-d observation period did not differ between 5-d
(54%) and 10-d (52%) zinc treatment groups (P = 0.39). This
difference of 2% is well below the upper limit of equivalence
(Fig. 1).

The mean duration of the treated episode did not differ
between the 5-d (3.5 6 2.8 d) and 10-d (3.3 6 2.7 d) zinc
treatment groups (P = 0.08). The proportion of prolonged
($7 d) and persistent diarrhea episodes ($14 d) did not vary
between the 5-d (19 vs. 16%; P , 0.08) and 10-d (12 vs. 10%;
P = 0.14) groups.

TABLE 1 Selected characteristics of the study participants who
received either 5- or 10-d zinc treatment during acute
diarrheal episode1

Characteristic

Zinc treatment group

5 d, n = 803 10 d, n = 819

Age, mo 25.6 6 16.2 25.6 6 16.2

Z-scores

Weight for height 20.73 6 1.0 20.66 6 1.0

Height for age 22.17 6 1.2 22.11 6 1.1

Weight for age 21.78 6 1.0 21.68 6 1.0

Maternal education, y 5.8 6 2.7 6.1 6 2.7

Family size, n 6.1 6 2.3 6.0 6 2.2

Sex (male), % 50.8 48.7

Tube-well (drinking water), % 98.4 97.9

Sanitary latrine, % 21.8 19.7

1 Values are means 6 SD or percent.
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The frequency of vomiting within one-half an hour of zinc
administration did not differ significantly between the 2 groups
during the first 5 d of treatment (Fig. 2). However, during the
second 5 d, the proportion of children vomiting was significantly
higher in the 10-d Zn group than in the 5-d Zn group that
received placebo during the second 5 d. Regurgitation occurred
in ,1% of children and did not differ significantly between 10-
and 5-d zinc groups.

Discussion

Our study tested the efficacy of a 5-d compared with 10-d zinc
treatment of ACD on incidence of diarrhea over the subsequent
3 mo and demonstrated that the shorter course is as efficacious
as the longer course in preventing diarrhea. To our knowledge,
this is the first study to test a 5-d duration of zinc treatment in
ACD and to compare its preventive efficacy with a 10-d treat-
ment over 3 mo post-treatment. Before discussing the findings,
strengths and limitations may be worthwhile to mention.

The major strengths of our study include a priori hypothesis
regarding treatment effect, daily surveillance of all eligible
children daily by the FFW, supervised administration of the
assigned treatment, and daily follow-up during the subsequent
90-d period. We did not include any group without zinc, which
may be viewed as a limitation of the study. However, zinc is
already proven to be efficacious in shortening the duration of
acute episode and in preventing diarrhea in the subsequent 3 mo
postsupplementation (10,12). Because the current policy of the
government of Bangladesh is to provide zinc to all children with
diarrhea, it would not have been ethically permissible to deprive
children with diarrhea from zinc treatment. However, having no
such absolute control group did not limit our ability to test the
study hypothesis of relative efficacy of 5-d compared with 10-d
zinc treatment in preventing diarrhea over the 90-d follow-up
period.

We observed that study children on average suffered just
over 1 episode of diarrhea during the 3-mo observation period.
Because our study covered all seasons of the year, it might not be
too unrealistic to extrapolate this finding to estimate the annual
incidence. This finding suggests that children under 5 y old in
that area may suffer an estimated 4 episodes/y, which is con-
sistent with an earlier report from this area (16). Our findings
represent a more accurate depiction of these children and are
unlikely to be biased due to underreporting, because mothers
often do not report very trivial diarrheal episodes of a short
duration such as diarrhea lasting for 1 or 2 d when diarrheal
history is collected using a longer recall period. Our data are
based on daily surveillance, which potentially had the ability to
detect those mild episodes. An earlier study in Bangladesh
documented that weekly recall underestimated severe diarrheal
episodes by over 20% and by 40% in less severe diarrheal
episodes (18).

Zinc is a soluble trace element and requires daily intake to
maintain a steady state, because there is no specialized storage
mechanism in the body (19). Because zinc is mostly intracellular
and is involved in the catalytic and structural function of more
300 enzymes, replenishment in deficient children with zinc supple-
mentation is likely to increase intracellular storage (20,21). Zinc
supplementation during diarrhea helps with quicker recovery from
acute episodes and prevention of diarrhea in the following months
through its effect on the immune system (22), regeneration of gut
epithelium and improved appetite (23,24), and enhancement of
absorption (25). These immediate functional improvements and
future preventive benefits may be equally achieved irrespective of
zinc treatment duration of 5 or 10 d during diarrhea.

Vomiting is often reported as a known side effect of zinc and
the increased risk of vomiting has been reported to be associated
with zinc treatment (26–28). Our study also showed a clear link
between zinc and excess vomiting, although the proportion of
children who vomited was lower in our study than reported by
Larson et al. (27). This difference was probably due to the
difference in observation time, which was one-half an hour in
our study compared with 1 h in the other study. Incidence of
vomiting in the zinc group continued at the same rate as the first
5 d until the end of treatment, while those who received placebo
from d 6 stopped vomiting almost as soon as they were given
placebo. Therefore, a shorter course may also be desirable to
avoid unnecessary vomiting in young children.

Findings of this study may also have important implications
for the treatment cost that potentially may result from non-
adherence to treatment, which is known to occur as soon as
diarrhea resolves. Because the 5-d treatment seems to be as
efficacious as the 10-d course, if a 5-d course of zinc treatment is

FIGURE 1 Distribution of children by number of episodes of

diarrhea over the 90-d observation period after initial treatment with

zinc for 5 (n = 803) or 10 d (n = 819).

FIGURE 2 Incidence of vomiting within one-half hour after the

administration of a zinc tablet to children for 5 (n = 803) or 10 d (n =

819). The 5-d zinc group received the placebo from d 6 to 10. Groups

differed from d 6 to 10, P , 0.01.
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recommended instead of 10-d course, this would simply result in
50% less treatment cost, a great savings on the health care cost,
largely of poorer households where diarrhea occurs most
(29,30). Under-five children constitute ~12% of the Bangladesh
population, which translates into 15 million children who are at
risk of diarrhea. Each child under 5 y old in Bangladesh, on
average, suffers ~4 episodes/y, which translates into;60 million
diarrheal episodes would require zinc treatment each year.
Therefore, a 5-d course means a substantial reduction of cost of
treatment as well as a potential reduction of noncompliance,
which often results as the duration of treatment gets longer.

We conclude that a 5-d zinc treatment in ACD is as ef-
ficacious as 10-d therapy in preventing in the subsequent 3 mo in
rural the Bangladeshi setting. However, these findings need to be
confirmed in other settings, and large-scale effectiveness study
are needed to assess the preventive efficacy in a less-controlled
environment.
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