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ABSTRACT

Background and Aim: The World Health Organization recommends oral

zinc (tablets or syrups) as adjunct therapy with oral rehydration solution

(ORS) for acute childhood diarrhea. Mixing zinc with ORS can be an

attractive approach for simultaneous provision of these 2 effective inter-

ventions. This double-masked randomized controlled trial evaluated the

efficacy of ORS containing 40 mg/L elemental zinc per liter (zinc-ORS) in

reducing stool weight and duration of diarrhea.

Patients and Methods: Five hundred northern Indian children ages 1 to 35

months with diarrhea <7 days’ duration were randomized to zinc-ORS or

ORS. The primary outcomes were total stool output and time to recovery.

Results: The median total stool output was 2.12 g � kg�1 � h�1 (interquartile

range [IQR] 0.9–3.76) in the zinc-ORS group compared with

1.78 g � kg�1 � h�1 (IQR 0.83–3.45) in the ORS group. The time to

recovery was also similar in the 2 groups (hazard ratio 1.06 [95%

confidence interval 0.88–1.27]). In subjects who received zinc-ORS, the

median (IQR) zinc intakes were 27 (16–46) mg on day 1, 15 (6–27) mg on

day 2, and negligible thereafter.

Conclusions: The World Health Organization–recommended daily dose of

zinc for diarrhea was not achieved in most children beyond the first day of

treatment. This is the likely explanation for the lack of improvement in

outcomes from zinc-ORS when compared with ORS alone. Our findings do
Key Words: acute diarrhea, dehydration, oral rehydration solution, zinc

(JPGN 2011;53: 161–167)
D espite the success of oral rehydration solution (ORS),
diarrheal diseases still contribute substantially to the overall

burden of childhood mortality accounting for �2 million deaths
every year (1,2). Oral zinc is effective in reducing the severity of the
diarrheal episode and the World Health Organization (WHO) now
recommends oral zinc (tablets or syrups) for 10 to 14 days for acute
childhood diarrhea (3–8).

Mixing zinc with ORS seems an attractive approach for
public health programs for simultaneous provision of these 2
effective interventions, particularly in remote areas. A study in
Italy of 120 children enrolled on the first day of diarrhea compared
locally available hypotonic ORS (225 mOsm/L) to a ‘‘superhypo-
tonic’’ ORS (200 mOsm/L) containing zinc (37.5 mg/L), fructo-
oligosaccharides, and xylooligosaccharides. The superhypotonic
ORS was associated with a 25% higher rate of resolution of diarrhea
at 72 hours in the group receiving ORS containing zinc and the
additional saccharides (9). In contrast, in an earlier community-
based randomized controlled trial of northern Indian children 6 to
35 months old with acute diarrhea, addition of 40 mg elemental zinc
per liter of ORS reduced the mean number of stools during the
episode only marginally and less than when zinc was given
separately in syrup. Moreover, the intake of zinc from zinc-ORS
varied substantially, and, contrary to zinc syrup, zinc-ORS did not
reduce the duration of diarrhea (10).

Children brought to the hospital with diarrhea are likely to
experience more severe disease when compared with children
visiting a community health center or being treated at home. This
hospital-based study was intended to measure the efficacy of adding
zinc to ORS in more severe diarrhea requiring visits to the hospital,
with or without dehydration. In a double-masked, randomized
controlled clinical trial, we evaluated the efficacy of adding
40 mg of elemental zinc per liter of reduced-osmolarity WHO
ORS (zinc-ORS) on total stool output and time to recovery from
diarrhea in hospitalized children (1–35 months old) with acute
diarrhea.

PATIENTS AND METHODS

Study Setting and Recruitment of Participants
We enrolled 1- to 35-month-old children who attended the

diarrhea treatment units of the All India Institute of Medical
Sciences and Deen Dayal Upadhyay Hospital in New Delhi between
duction of this article is prohibited.

arch 2007, if they had passed�3 loose stools
n the last 12 hours, for fewer than 7 days. We
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TABLE 1. Composition of the 2 ORS used as interventions

Zinc-ORS ORS

Osmolarity, mOsm/L 245 245
Glucose, mmol/L 75 75
Naþ, mmol/L 75 75
Kþ, mmol/L 20 20
Chloride, mmol/L 65 65
Citrate, mmol/L 10 10
�Zinc (elemental), mg/L 0 40

ORS¼ oral rehydration solution.
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enrolled boys to ensure stool collection without urine. The exclu-
sion criteria were severe malnutrition (as defined by WHO), visible
blood in stool, intake of zinc supplements in the previous 4 weeks,
severe systemic illness such as tuberculosis, nephrotic syndrome,
malignancy, and any surgical disorder.

Sample Size

The sample size was calculated for 80% power and 95%
confidence to detect a reduction of�30% in total stool weights and
a hazard ratio of 0.77 for time to recovery from diarrhea in the zinc-
ORS group compared with the ORS group. The expected values in
the control group were based on previously reported mean stool
weights of 291 g/kg (standard deviation [SD] 291) from 1 of our
hospital trials. A sample size of 176 per group was estimated to be
sufficient for total stool output and 230 per group for time to
recovery. We therefore decided to enroll 250 children per group
to account for at least 5% attrition.

Stratification and Randomization

After baseline assessment, eligible participants were strati-
fied according to age (1–5 months, 6–35 months) and presence of
some dehydration at admission. Using STATA software (version
9.0, StataCorp, College Station, TX), staff otherwise not involved in
the study generated randomization lists using permuted blocks of 6
for each stratum and each hospital. The randomization codes were
kept with the randomization team until completion of the trial.

Allocation Concealment, Masking, and
Intervention

A team of research physicians at the study hospitals screened
and enrolled eligible subjects at all times of the day while providing
clinical care. Children with some or no dehydration were random-
ized immediately and managed as per WHO guidelines (8).

ORS and zinc-ORS were similar in color, taste, and appear-
ance, and were packed in identical sealed sachets. The contents of
each packet were to be dissolved in 1 L of clean water. Ten such
sachets were packed for each subject in a larger transparent sealed
polyethylene bag. Each such bag, including the 10 smaller sachets,
was labeled with a unique serial number that corresponded to the
randomization list before they were arranged sequentially and sent
to the investigators. The packages were purchased from Wallace
Pharmaceuticals Ltd (Mumbai, India) and stored in a cool, dry
place. Each group was identified only by a letter during data
analysis.

The children in the intervention group received reduced-
osmolarity ORS (245 mOsm/L) containing 40 mg/L elemental zinc
as zinc gluconate, which was mixed with the salts before packaging.
The children in the control group received reduced-osmolarity ORS.
The 2 ORS preparations differed only with respect to zinc gluconate
(Table 1).

Outcome Measures

All of the enrolled participants were monitored intensively
by research physicians around the clock. The primary outcomes
were total stool output defined as weight of stools passed from the
time of randomization to recovery and time to recovery. We defined
recovery as the time of the last abnormal stool before a 12-hour
period when no stool had been passed or before the passage of 2
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consecutive formed stools. An abnormal stool was a watery stool
with no fecal matter or a loose stool with a rim of more than 1 cm of
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fluid around it visualized on the diaper. Each stool was measured in
preweighed disposable diapers using a triple beam scale (Ohaus
Corporation, Pine Brook, NJ) that measured to the nearest 1 g;
consistency was noted and recorded immediately by the research
physician on duty. Urine was separated from stools in a urine
collection bag connected to a condom.

Secondary outcomes were proportion of episodes lasting
longer than 72 hours after randomization, need for unscheduled
intravenous fluids for management of severe dehydration at any
point after randomization, incidence of vomiting, and daily ORS
intake. Vomitus was weighed on preweighed disposable gauze pads.
Nude body weights were taken at enrollment, after rehydration at
6 hours, and every 24 hours subsequently on an electronic scale
(SECA, Hamburg, Germany) measuring to the nearest 5 g until the
patient’s participation in the study ended.

Quality Assurance

Quality assurance was performed by conducting regular
standardization exercises at both sites with research staff on collec-
tion of stools, vomitus, and measurements of weights and lengths to
minimize inter- and intraobserver variability.

Standard Case Management

Rehydration therapy was as per WHO guidelines (8). Water
(measured to contain 0.06 mg/L elemental zinc) and breast-feeding
were allowed ad libitum. Feeding of children who had started
receiving complementary food was resumed immediately after
completion of rehydration, with a traditional milk-cereal diet
(calorie density 92.4 cal/100 g; zinc 0.27 mg/100 g, 0.32 mg/
110 kcal) that was offered at 110 kcal � kg�1 � day�1 in participants
older than 6 months. Mothers of infants <6 months old were
encouraged to breast-feed exclusively. Intakes were compiled every
24 hours. Participants requiring treatment for severe systemic infec-
tion or dysentery detected after randomization continued in the
study if they could take oral liquids but were given additional
standard treatment by hospital physicians.

Monitoring and Follow-up

Monitoring continued for at least 48 hours after enrollment or
until recovery from diarrhea, whichever was later, and for a
maximum period of 168 hours, that is, 7 full days. Recovery could
not be documented in participants who withdrew their consent and

�
Does not contribute significantly to osmolarity of the ORS.
authorized reproduction of this article is prohibited.

were considered as lost to follow-up and excluded. Participants who
did not recover by 168 hours or in whom intervention was stopped
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for worsening of an associated clinical condition were excluded
from that point in time.

Laboratory Parameters

Venous blood specimens were obtained at enrollment,
24 hours after randomisation, and at recovery. The specimens were
collected in zinc- and copper-free tubes, centrifuged, and the serum
stored at –20oC. The zinc and copper concentrations in the specimens
were analyzed using a flame furnace atomic absorption spectropho-
tometer (GBC Avanta, Dandenong, Victoria, Australia) using
standard techniques and with SERONORM (Sero AS, Billingstad,
Norway) as the reference (11). Serum electrolytes, hematocrit, and
hemoglobin were determined using standard methods at enrollment
and when indicated. Stool was collected in sterile vials with phos-
phate-buffered saline, and the detection of rotavirus was done by
enzyme-linked immunosorbent assay using a commercially available
kit (Premier Rotaclone, Meridian Bioscience Inc, Cincinnati, OH).

Ethics

The study was approved by the ethics committees of the
study institutions and the Regional Committee for Medical
Research Ethics of Western Norway. Informed written consent
was obtained from the parent(s) using the standard norms of the
institutional ethics committees.

Statistics and Data Analysis

All of the case report forms were checked daily by the
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supervisor before they were sent for double data entry using FoxPro
for Windows (version 6.0, Microsoft Corporation, Redmond, WA)

FIGURE 1. Flow of participants through each stage of randomize

www.jpgn.org
with inbuilt logic, range, and consistency checks. The 2 concurrent
entries were compared using EpiInfo (version 3.4.3, Centers for
Disease Control and Prevention, Atlanta, GA) and incorrect entries
edited appropriately. We undertook an intention to treat analysis
using STATA (version 10, StataCorp). Those lost to follow-up did
not recover by 168 hours or in whom intervention was stopped for
worsening of an associated clinical condition contributed data to the
analyses until that time and were no longer given study ORS
solutions. Stool output (grams) and ORS intakes (milliliters) are
presented standardized by body weight and by time (hour); differ-
ences between the 2 groups for stool weight (gram per kilogram per
hour) and ORS intake (milliliter per kilogram per hour) were
calculated using the Wilcoxon rank sum test. The risk of episodes
lasting longer than 72 hours since randomization, the need for
unscheduled intravenous fluids, and the risk of vomiting in the
initial 24 hours are presented as risk ratios (RRs) with their 95%
confidence interval (CI). The Cox proportional hazards regression
model was used to estimate the hazard ratios of time to recovery
from diarrhea. The differences between the 2 groups for serum zinc
are presented as difference in mean with the 95% CI. The efficacy of
zinc-ORS on the primary outcomes was also analyzed in each
randomization stratum (dehydration status, age) and by duration of
diarrhea before enrollment.

RESULTS
Five thousand two hundred thirty-seven children ages 1 to

35 months with acute diarrhea of less than 7 days’ duration attended
the diarrhea treatment unit of the 2 hospitals during the study period.
Of these, 2367 were boys, of whom we enrolled 500 (Fig. 1). The
large number of exclusions was because of our strict inclusion

Zinc-ORS for Acute Diarrhea
authorized reproduction of this article is prohibited.

criteria. Among those enrolled, 123 (25%) were younger than
6 months and 197 (39.4 %) were dehydrated. Only 3 children,

d trial.
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1 in the zinc-ORS and 2 in the ORS group, were enrolled after
intravenous fluids were administered to correct severe dehydration.
The overall loss to follow-up was 4.2%.

Baseline Characteristics

The 2 groups were comparable in admission characteristics
(Table 2). Almost 75% of enrolled subjects were currently breast-
fed. The preadmission duration and severity of diarrhea were
similar. Rotavirus was identified in about half (zinc-ORS 49.3%
and ORS 47.3%) of the enrolled subjects. The mean (standard
deviation [SD]) serum zinc concentrations (zinc-ORS 91.2 [29.1] vs
ORS 88.9 [33.6] mg/dL) and the proportion of subjects with serum
zinc <60 mg/dL were similar in the 2 groups (Table 2).

Effect of Zinc-ORS on Stool Output and
Duration of Diarrhea

Adding 40 mg/L elemental zinc to ORS did not reduce the
total (from time of randomization to time of recovery) stool output
(median [interquartile range, IQR]; gram per kilogram per hour)
(zinc-ORS 2.12 [0.9–3.76] vs ORS 1.78 (0.83–3.45; P¼ 0.25).
There was no reduction in stool output in the initial 24 hours (zinc-
ORS 2.46 [1.19–4.23] vs ORS 2.16 [1.12–3.97; P¼ 0.33]) after
starting treatment (Table 3). Recovery from diarrhea was similar in
children receiving zinc-ORS as compared with among those who
got ORS, with a hazard ratio of 1.06 (95% CI 0.88–1.27) (Table 3).
Zinc-ORS had no effect on either stool output or recovery from

Wadhwa et al
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diarrhea in subgroups by hydration status, age, or duration of
diarrhea at enrollment when compared with ORS (Table 4).

TABLE 2. Baseline (admission) characteristics by treatment group

Admission characteristics

Age, mo, mean (SD)
Age categorized, n (%)

1 up to 6 mo
6 up to 12 mo
�12 mo

Weight for height, % NCHS standard
Mothers’ education, y, median (IQR)
Preadmission diarrheal duration, h

Mean (SD)
�24 h, n (%)
�48 h, n (%)

No. stools in previous 24 h, mean (SD)
No. with some dehydration, n (%)
No. with severe dehydration, n (%)
No. with history of vomiting during this episode, n (%)
Duration of vomiting at enrollment, h, median (IQR)
No. with fast breathing, n (%)
No. taking breast milk, n (%)
Total leukocyte counts/mm3 mean (SD)
Hematocrit, %, mean (SD)
No. stools positive for rotavirus, n (%)
No. stool culture positive for Vibrio cholerae, n (%)
Serum zinc, mg/dL, mean (SD)
No. with serum zinc <60, mg/dL

IQR¼ interquartile range; NCHS¼National Center for Health Statistics; OR
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Effect of Zinc-ORS on the Risk of Prolonged
(>72 hours) Diarrhea and the Need for
Intravenous Fluids

The proportion of diarrheal episodes lasting longer than
72 hours (RR 0.94 [95% CI 0.69–1.30]) and the need for unsched-
uled intravenous fluids during the study (RR 0.80 [95% CI 0.45–
1.43]) were the same in both groups (Table 3).

Effect of Zinc-ORS on Vomiting

Overall, more than 40% of the children in our study vomited
at least once in the first 24 hours after enrollment and the pro-
portions were similar (zinc-ORS 112 [45.1%] vs ORS 104 [41.3%])
in the 2 groups (Table 3).

Intakes of ORS and Zinc

Similar quantities (milliliter per kg per hour) of ORS were
consumed by the 2 groups (median [IQR]: zinc-ORS 5.09 [2.21–
7.79] vs ORS 4.65 [2.29–7.11, P¼ 0.59]) on days 1 and 2 after
randomization (P¼ 0.32) (Table 3). In subjects who received zinc-
ORS, the median (IQR) zinc intakes were 27 (16–46) mg on day 1,
15 (6–27) mg on day 2, and negligible thereafter. Only 68% of the
subjects 6 months old or older received 100% or more of the WHO-
recommended dose for diarrhea in the initial 24 hours; the number
decreased further in the subsequent period and was only 1.7% on

JPGN � Volume 53, Number 2, August 2011
authorized reproduction of this article is prohibited.

day 5 of the illness (Table 5). This was true for infants younger than
6 months as well (Table 5).

s: zinc-ORS and ORS

Zinc-ORS (n¼ 248) ORS (n¼ 252)

10.2 (6.5) 10.5 (6.5)

61 (24.6) 62 (24.6)
105 (42.3) 105 (41.7)
82 (33.1) 85 (33.7)

84.1 (8.2) 84.3 (7.7)
5 (0, 9) 5 (0, 10)

53.1 (33.6) 49.9 (32.5)
78 (31.5) 87 (34.5)

148 (59.6) 164 (65.0)
13.6 (7.2) 13.4 (6.5)

96 (38.7) 98 (38.9)
1 (0.40) 2 (0.79)

209 (84.3) 204 (80.9)
24 (11, 48) 24 (7, 48)
2 (0.81) 2 (0.79)

189 (76.21) 188 (74.60)
11,049 (6113) 10,736 (4979)

31.6 (5.28) 30.8 (5.52)
99/201 (49.3) 88/186 (47.3)

0/206 4/198 (2.0)
91.2 (29.1) 88.9 (33.6)

29 (12) 29 (12)

S¼ oral rehydration solution; SD¼ standard deviation.
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TABLE 3. Effect of zinc mixed in ORS on clinical outcomes during diarrhea in 500 northern Indian children

Zinc-ORS (n¼ 248) ORS (n¼ 252) P
�

Stool output Median (IQR), (g � kg�1 � h�1)
Duration since enrollment, h

0–24 2.46 (1.19–4.23) 2.16 (1.12–3.97) 0.33
0–48 2.14 (0.91–3.85) 1.75 (0.82–3.54) 0.28
0–recovery 2.12 (0.90–3.76) 1.78 (0.83–3.45) 0.25

Median (IQR), h HRy (95% CI)
Time to recovery 37 (19.7–69.5) 34.4 (18.5–69.7) 1.06 (0.88–1.27)
Duration of diarrhea since enrollment, h No. children, n (%) RRz (95% CI)
>24 167 (67.3) 161 (63.9) 1.05 (0.93–1.19)
>48 103 (41.5) 101 (40.1) 1.02 (0.83–1.27)
>72 55 (22.2) 59 (23.4) 0.94 (0.69–1.30)

No. children, n (%)
Unscheduled IVF 19 (7.7) 24 (9.5) 0.80 (0.45–1.43)
Vomiting in first 24 h 112 (45.1) 104 (41.3) 1.09 (0.89–1.34)
ORS use rate Median (IQR), (mL � kg�1 � h�1)
Duration since enrollment, h P

�

0–24 5.09 (2.21–7.79) 4.65 (2.29–7.11) 0.59
0–48 3.69 (2.01–5.94) 3.39 (1.88–5.43) 0.32

CI¼ confidence interval; HR¼ hazard ratio; IQR¼ interquartile range; IVF¼ intravenous fluids; ORS¼ oral rehydration solution; RR¼ risk ratio.�
Wilcoxon rank sum test.
yHazard ratio >1 indicates a more protracted illness in the zinc-ORS recipients.
zRelative risk <1 indicates a beneficial effect of zinc-ORS.

TABLE 4. Effects of zinc mixed in ORS on clinical outcomes in subgroups classified by stratification variables and features at
enrollment

Subgroups Zinc-ORS ORS P
�

Stool output Median (IQR) (g � kg�1 � h�1)
Hydration at enrolment

Dehydrated 2.95 (1.91–4.10) 2.33 (1.31–4.03) 0.06
Not dehydrated 1.35 (0.59–3.13) 1.35 (0.63–3.16) 0.89

Age at enrollment, mo
�6 3.03 (1.02–4.03) 3.16 (1.61–4.37) 0.32
>6 1.80 (0.85–3.29) 1.31 (0.71–2.90) 0.03

Duration of diarrhea at enrollment, h
�24 2.00 (0.99–3.47) 1.58 (0.76–3.60) 0.31
>24 2.14 (0.79–3.79) 1.87 (0.93–3.39) 0.46

Time to recovery Median (IQR), h HRy (95% CI)
Hydration at enrolment

Dehydrated 53.0 (27.5–84.0) 41.3 (22.7–77.7) 1.25 (0.92–1.67)
Not dehydrated 29.9 (16.0–54.3) 30.1 (15.0–67.3) 0.95 (0.75–1.19)

Age at enrollment, mo
�6 46.8 (20.6–90.8) 58.3 (33.5–83.3) 0.99 (0.71–1.40)
>6 34.5 (19.7–62.7) 27.4 (15.8–63.5) 1.14 (0.92–1.41)

Duration of diarrhea at enrollment, h
�24 40.7 (19.8–72.0) 36.2 (17.5–78.8) 0.93 (0.67–1.27)
>24 36.2 (19.4–67.8) 33.3 (19.6–66.5) 1.15 (0.92–1.44)

CI¼ confidence interval; HR¼ hazard ratio; IQR¼ interquartile range; ORS¼ oral rehydration solution.�
Wilcoxon rank sum test.
yHazard ratio >1 indicates a more protracted illness in the zinc-ORS recipients.
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TABLE 5. Amount of zinc received by children in the zinc-ORS group in a trial on the efficacy of zinc mixed in ORS in 500 northern
Indian children

Received 100% of recommended dose Received 50% of recommended dose Median IQR

6–35 mo (recommended dose is 20 mg elemental zinc/d)
n¼ 182

0–24 h 124 (68) 156 (85.7) 28 (15.3–49.7)
25–48 h 66 (36.5) 110 (60.8) 14.6 (5.5–27.3)
49–72 h 26 (14.4) 41 (22.7) 0 (0–9.5)

n¼ 179
73–96 h 11 (6.1) 23 (12.8) 0 (0–0)
97–120 h 3 (1.7) 7 (3.9) 0 (0–0)

2–5 mo (recommended dose is 10 mg elemental zinc/d)
n¼ 60

0–24 h 50 (83.3) 56 (93.3) 26.2 (17.8–38.6)
n¼ 59

25–48 h 39 (66) 48 (81.4) 16 (6.8–26.5)
n¼ 58

49–72 h 22 (37.9) 24 (41.4) 0 (0–19.8)
73–96 h 14 (24.1) 17 (29.3) 0 (0–8.2)

n¼ 56
97–120 h 11 (19.6) 11 (19.6) 0 (0–0)

IQR¼ interquartile range.

Wadhwa et al JPGN � Volume 53, Number 2, August 2011
Effect of Zinc-ORS on Serum Zinc

The serum zinc was significantly higher in the zinc-ORS
group 24 hours after randomization (difference in mean 5.8 [95% CI
0.43–11.17]) and at recovery (6.9 [95% CI 0.65–13.1]; Table 6).

DISCUSSION
A number of trials have documented faster recovery and

reduced severity from zinc supplementation during acute diarrhea
(3–7,12,13). This led to the WHO recommendation of supple-
mental zinc syrup or tablets (10 mg elemental zinc for infants
younger than 6 months and 20 mg/day for children 6 months old
or older) during acute diarrhea (4,8). Health system obstacles to
widespread use of zinc during acute diarrhea include the need for
zinc syrup or tablets to be made available at health facilities and
pyright 2011 by ESPGHAN and NASPGHAN. Un

prescribed by health care providers in addition to ORS. If zinc-
containing ORS was found to be more effective than ORS, it could

TABLE 6. Serum zinc and copper in the 2 groups; zinc-ORS and OR
Indian children

Zinc-ORS (n¼ 248)

Serum zinc Mean (SD),
At randomization (baseline) 91.2 (29.1)
24 h 89.8 (31.1)
At recovery 91.3 (33.7)

Serum copper Mean (SD),
At randomization (baseline) 135.7 (31.9)
24 h 120.8 (29.9)
At recovery 119.4 (28.1)

CI¼ confidence interval; ORS¼ oral rehydration solution; SD¼ standard dev

166
considerably simplify the logistics of incorporating zinc into
national treatment guidelines for diarrhea in low- and middle-
income countries. The purpose of this trial was to evaluate
reduced-osmolarity ORS containing 40 mg/L of zinc in comparison
with ORS without zinc among 1- to 35-month-old children hospi-
talized with acute diarrhea.

In this trial, adding zinc to ORS did not reduce total stool
output or time to recovery. Also, the proportions of children who
required intravenous fluids or had diarrhea that lasted>3 days were
similar in the 2 groups. Despite modest increases in serum zinc
concentration among children who received zinc-ORS when com-
pared with children who received ORS, zinc-ORS did not result in
improvements in stool output or duration of diarrhea, the clinical
outcomes by which efficacy is most often measured (3–7). The
daily dose of zinc that the WHO recommends for acute diarrhea was
not achieved in most of the children in our zinc-ORS study arm
authorized reproduction of this article is prohibited.

beyond the first day of treatment, after which it was even lower.
This is the most likely reason for the lack of effect.

S in a trial on the efficacy of zinc mixed in ORS in 500 northern

ORS (n¼ 252) Difference in mean (95% CI, P)

mg/dL
88.9 (33.6)
83.9 (28.9) 5.8 (0.43–11.17, P¼ 0.03)
84.5 (33.9) 6.9 (0.65–13.1, P¼ 0.03)

mg/dL
139.6 (31.2)
124.5 (29.5) �3.7 (�9.17 to 1.65)
123.9 (27.4) �4.5 (�9.72 to 0.72)

iation.
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The results are different from an earlier community
study (10). A number of differences can be noted between the 2
trials. First, the present study enrolled children with more severe
diarrhea who were brought for hospitalization. Zinc losses in such
children are likely to be larger and intake of zinc from zinc-ORS
may be insufficient to compensate for these losses. Second, in
nearly 50% of the subjects in the present study, rotavirus infection
was the cause of diarrhea, whereas rotavirus has been reported as
the cause in<25% of episodes of acute diarrhea in the community
(14). Another difference was that the children in the present study
were younger than the subjects in the community trial. A zinc-
containing ORS has been reported to be beneficial when started
within 24 hours of diarrhea in a small study in Italy (9). The
intervention ORS used contained zinc as well as prebiotics and
had a lower osmolarity (200 mOsm/L) than the control ORS
(225 mOsm/L). The beneficial effect of the superhypotonic ORS
could therefore be attributable to either of these 3 differences
or a combination of them. The etiology of diarrhea differs with
age—rotavirus diarrhea is more common among younger children
(15–17). The effects of zinc-ORS may be influenced by the child’s
age, the severity and etiology of diarrhea, and the timing and
amount of zinc from ORS. There was no beneficial effect of zinc
even when the analysis was restricted to children older than
6 months (Table 4) or to children older than 12 months (data
not shown). Zinc-ORS did not have an effect on stool or on the
duration of diarrhea, even when it was started within the first
24 hours or among children dehydrated at enrollment who are
likely to consume greater quantities of zinc-ORS. Zinc-ORS did
not have any beneficial effects in subgroups by etiology of diarrhea
(rotavirus positive and negative).

The limitation of the present study was that we did not
include a third intervention group that received zinc as syrup or
tablets. Zinc was not a part of standard recommended treatment for
acute diarrhea when the proposal for the present study was written
and when the necessary approvals were given. Meticulous measure-
ment of primary study outcomes, stool weights, and time to
recovery from diarrhea was performed. Every stool was weighed
in a standardized manner, and ORS intakes were strictly supervised,
restricting outcome misclassification to a minimum.

There were no adverse events associated with zinc-ORS.
There were no differences in the clinical or biochemical parameters
in the 2 groups. Stool output and time to recovery were similar
between the 2 treatment groups when stratified by baseline zinc
status (zinc normal and zinc deficient, data not shown) or pre-
admission duration of diarrhea (Table 4). Zinc-ORS did not induce
vomiting or reduce serum copper concentrations; the incidence of
vomiting and mean serum copper concentrations were similar in the
2 groups at 24 hours and at recovery.

In conclusion, reduced-osmolarity ORS containing zinc was
not superior to ORS alone in the management of acute diarrhea. The
present WHO recommendation is to give zinc, as a syrup or
dispersible tablet, for 10 to 14 days, in addition to reduced-
osmolarity ORS, which may reduce subsequent diarrheal morbidity
(18,19). Despite potential practical advantages of zinc-ORS, our
results clearly demonstrate that the required therapeutic recom-
mendations of oral zinc during diarrhea are not met when given
mixed with ORS, and zinc-ORS does not reduce the severity or
duration of acute watery diarrhea in children who are brought to
hospitals with diarrhea. Zinc-ORS preparations are being intro-
duced into the market in India. Attempts to market zinc-ORS using
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therefore be discouraged and recommendations must clearly state
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that oral zinc separately from ORS is the only evidence-based zinc
intervention for acute watery diarrhea.
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