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Abstract

Diarrhea constitutes a leading cause of morbidity and mortality among children less than five years of age
in developing countries. Diarrheal diseases cause more than 3 million deaths each year and contribute
substantially to malnutrition in surviving children. Studies have sufficiently described the beneficial effect
of zinc in all types of diarrhea. Zinc helps by reducing the duration of diarrhea, especially in malnourished
children. This study was designed to compare the severity of diarrhea in children receiving zinc plus ORS
and other with ORS alone in normal and malnourished children.

The study included 100 patients, 50 belonging to each study and control group. In normally nourished
patients partial recovery (2.69+1.08 vs 3.94+1.21; P=8.91E-05) and complete recovery (4.23+1.66 vs
5.83+£1.76; P=0.00021) occurred earlier in study group. In children with malnutrition the mean duration
in days for partial recovery (2.57£1.09 vs 4.71 £1.27; P= 1.23E-03) and complete recovery (4.00+1.66 vs
6.57+£1.16; P=0.00006572) was less in study group. By Mann-Whitney test, the P value for partial and
complete recovery is statistically significant. Among nutritionally normal patients the mean duration in
hours (days) was (90.48 + 52.8 {3.77 + 2.20} vs 126.96 + 50.64 {5.29 + 2.11}; P=0.00129) less in study
group. In malnourished patients the mean duration in hours (days) was (80.64+ 46.8 {3.36 £1.95}
vs160.96 + 69.04 {6.89 + 2.46}; P=0.000686) less in study group and statistically significant by Mann-
Whitney test.

To conclude we found that zinc causes early normalization of stool consistency and early recovery in both
normal and malnourished children. It decreases total duration of hospital stay.

Keywords: acute diarrhea, partial recovery, complete recovery, hospital duration.

Introduction

Diarrhea constitutes a leading cause of morbidity
and mortality among children less than five years
of age in developing countries. It causes more
than 3 million deaths of children in developing
countries each year and contribute substantially to
malnutrition in surviving children. 2

Diarrhea is responsible for significant percentage
of malnutrition and malnutrition related
morbidity. Children who suffer from diarrhea are
malnourished and havedepleted micronutrient
stores. Use of World Health Organization (WHO)
ORS for treatment of acute diarrhea has become
widespread since its introduction thirty years
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back. WHO ORS corrects the dehydration and
metabolic acidosis resulting from fluid and
bicarbonate losses and reduces diarrhea related
mortality. However, ORS alone does not decrease
the duration of diarrhea or its consequences such
as malnutrition -2,

Studies have sufficiently described the beneficial
effect of zinc in all types of diarrhea. Zinc helps
by reducing the duration of diarrhea in
malnourished children. Zinc causes early
normalisation of stool consistency, early recovery,
reduces total duration of hospital stay and the
subsequent diarrhea related morbidity.®>*

This study was designed to study effect of zinc on
the severity of diarrhea in children at our institute
and to identify any correlation with the nutritional
status.

Material and Methods

This hospital based prospective study was
conducted in paediatric department of a reference
hospital over a period of 18 months. The study
was conducted after approval from the
institutional  Ethics Committee. A written
informed consent was obtained from the parents.
Hundred children with acute diarrhea were
enrolled with 50 each to study and control group.
The alternate patients were randomized to study
and control group. Patients of aged 6-59 months
admitted with more than four episodes of loose
stools in 24 hours were eligible for participation.
Patients with presence of blood & mucous in
stool, acutely ill, severely dehydrated were
excluded from the study. The study group
received ORS plus zinc and control group to
received ORS alone. For study purpose an acute
diarrhea was defined as acute onset of four or
more loose, liquid stools per day of less than
fourteen day duration. The change in stool
consistency to semisolid was considered partial
recovery. Complete recovery was defined as the
change in stool to firm consistency and no loose
stools for next 24 hours. Acute malnutrition was
as per WHO’s classification based on
anthropometry parameters weight for height.

Patients demographic details, history and
examination findings on admission were noted.
Data included name, age, sex, registration
number, h/o diarrhea duration, frequency of stool,
character of stool (watery, mucoid or blood
stained), fever, vomiting. Stool consistency
(watery, semisolid, or firm) and its frequency (in
24 h) were checked and recorded. Nutritional
assessment was done based on anthropometric
data. Weight was measured by a digital weighting
scale and infantometer was used to measure
length of children below 24 months of age.
Baseline investigations included hemogram and
stool routine microscopy. The primary outcome
was assessment of severity by observing
normalisation of the stool consistency and the
secondary  outcome  was  duration  of
hospitalization.

The groups were compared using the chi-square
test (or the Fisher exact test, if required) for the
parametric variables. Statistical significance was
based on two-sided design-based tests, Mann-
Whitney test was applied with 0.05 level of
significance and T- is replaced by Z-value. The
statistical analysis was performed using SPSS
version 16 for Windows.

Results

In this study total 100 patients were included and
50 patients each were allotted to study and a
control group. As per age maximum children
belonged to age group of 6 to 12 months
(31{62%}vs 28{56%}) followed by 13 to 24
months(12{24%}vs 14{28%}). (Table 1)

The mean age for the patients in study and control
group was 16.53 £ 11.39 and 16.31+11.38 months
respectively. Twenty eight (52.8%) male belonged
to study group 25 (47.2%) to control group while
22 (46.8%) and 25(53.2%) females belonged to
study and control group respectively. The mean
weight (kgs) (8.65+2.20 vs 8.57+2.42), mean
height (cms) (77.43+9.32 vs 76.67+11.09), mean
weight for height percentage (86.14+11.09 vs
87.90£10.55) was comparable in study and
control group. Ninety four (94%) patients stool
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routine microscopy was normal and 2 (2%)
patients of study group and 4 (4%) of control
group had occasional pus cells but were culture
negative. The baseline demographic data was
comparable in both groups. (Table 1,2)

In normally nourished children the mean duration
in days for partial recovery (2.69+1.08 vs
3.94+1.21; P value = 8.91E-05) and complete
recovery (4.23+1.66 VS 5.83+£1.76;P
value=0.00021) was less in zinc supplemented
group and was statistically significant. In children
with acute malnutrition, the mean duration in days
for partial recovery (2.57+1.09 vs 4.71+1.27;

In nutritionally normal patients the duration of
hospital stay in days/hours was (90.48 + 52.8
hours {3.77 = 2.20 days} vs126.96 + 50.64 hours
{5.29 + 2.11 days} p=0.00129) less in zinc
supplemented group. The mean duration of
hospital stay in hours (days) among the
malnourished patient, (80.64+ 46.8 hrs {3.36
+1.95 days} vs 160.96 £+ 69.04 hrs {6.89 + 2.46
days P=0.000686} was less in zinc supplemented
group. By Mann-Whitney test the P value was is
statistically significant. Mann whitney test was
applied where normality data failed and the P
value was replace by Z value. (Table 4)

Tables of Effect of zinc on acute diarrhea in
normal and malnourished children

P=1.23E-03) and complete recovery (4.00+1.66 vs
6.57+1.16; P=0.00006572) was less in zinc
supplemented group and was statistically
significant. (Table 3)

Table 1 Age wise distribution of cases

Sr No. Age group(months) Study group Control group
(n=50) (n=50)
1 6-12 31(62%) 28(56%)
2 13-24 12(24%) 14(28%)
3 25-36 4(8%) 5(10%)
4 36-48 1(2%) 3(6%)
5 49-56 2(4%) 0(0%)
Table: 2 Distribution of cases as per clinical characteristics
Parameter Study n=50 Control P value
N=50
Age(months) 16.53 16.31 0.731
Gender Male 28(52.8%) 25(47.2%) 0.689
Female 22(46.87%) 25(53.2%) 0.689
Weight(Kgs) 8.65 8.57 0.759
Height(cms) 77.43 76.67 0.523
Weight/Height % 86.14 87.9 0.408
UMAC 13.36 13.25 0.685
Malnutrition MAM 15(30%) 15(30%) 1.000
Normal 35(70%) 35(70%) 1.000
Loosemotions Since days 2 3 0.505
Frequency/day 8 9 0.366
Table 3: Clinical response in study and control group
No of days Study | Control P value Significance
Partial recovery Normal 3 4 8.91E-05 significant
PEM 3 4 1.23E-03 significant
Complete Normal 4 6 0.00021 significant
recovery PEM 4 7 0.0000 significant
Table: 4 Average duration of hospital stay
Duration in days(hours) Study Control P value
Normal 4(96) 5(120) 0.000
PEM 3(72) 6(144) 0.001
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Discussion

The study evaluated the effectiveness of zinc as an
adjunct to ORS in children of 6 months to 59
months with acute diarrhea admitted in our
institute. The effectiveness of zinc was assessed
by severity of the diarrhea in terms of change in
stool consistency ie partial recovery and complete
recovery. Duration of hospitalization was
analysed as a secondary outcome. This study
results confirmed that the addition of zinc
supplements to routine ORS is associated with
more favorable clinical course especially in
malnourished children. The assessment of stool
consistency confirmed earlier improvement in the
zinc supplemented group. We excluded patients
with probable bacterial etiology and included the
ones who had features of viral diarrhea.
Diagnostic  microbiology study has been
performed in only a few clinical trials so far.

In this study the baseline characteristics of the
patients were similar to the studies conducted by
Lukacik et al*, Lazzerini?, Muna et al®, Haider*,
Sajid A°. Partial recovery in both normal and
malnourished children occurred one day earlier in
study group. Complete recovery was seen 2 days
earlier in normal patients and 3 days earlier in
malnourished children receiving zinc with ORS.
(Table 3) Sangita Trivedi® Mohammed
Mohammad Karamyyar et. al.” Bhatnagar S Bahl
R et al?, Sunil Sazawal et al°, Lazzerini’ reported
clinically important reductions in the duration and
severity ~ of  diarrhea  following zinc
supplementation in infants and young children.
The overall average duration of hospital stay was
less in study group as compared to the control
group. Studies by Sajid A% SangitaTrivedi®
Mohammed Mohammad Karamyyar et. al.”” S K
Roy™, Zulfigar A'are from developing countries,
based on the clinical hypothesis that malnourished
children are zinc deficient and hence they show
better clinical response to zinc supplementation.
The results demonstrated by this study correlate
with the above studies. The 70 % children
enrolled were nutritionally normal while 30 % had
malnutrition. Unlike other studies, both the

normal and malnourished children showed
benefits of zinc supplementation. The reason for
normally nourished children to show beneficial
effect could be that even  though
anthropometrically normal they might be having
subtle or borderline zinc deficiency. The duration
of hospitalisation was also less in zinc
supplemented group including both normal and
malnourished children. S K Roy'°, Al-Sonboli
N'?, Dutta P', had documented shortened
duration, severity, early recovery in the cases of
acute diarrhea and associated malnutrition.
Zulfigar A et'* Al had reported beneficial effect of
zinc in reducing the duration and severity of acute
and persistent diarrhea. Our results of this study
are correlating with the above studies.

The important limitation of our study was lack of
baseline serum zinc level estimation. But our
country being underdeveloped country with high
incidence of malnutrition is considered high risk
for zinc deficiency. It could be presumed that our
patients might have had zinc deficiency: this
might explain the considerable response to zinc
supplements among our patients. To the contrary
P Boranet al* has documented zinc deficient
levels and increments in zinc levels and yet not a
significant response in reducing diarrheal
duration, severity and morbidity in cases of acute
diarrhea. Similarly Patel AB™ reported that the
most important predictor for duration of diarrhea
in children was the severity of the disease at
enrolment, and not the zinc supplementation.

The overall beneficial effect of zinc supplement
on morbidity and hospital duration has been
analysed in economic perspective by Germana V.
Gregorio®. The mean duration of diarrhea was 17
hours shorter and thereby mean total cost of
treatment was 5% cheaper in zinc than ORS
group. The present study has demonstrated the
beneficial effect of zinc supplementation in
reducing the severity and duration of acute
diarrhea in normal as well as malnourished
children of 6 months to 59 months of age. The
zinc supplement is a cost effective and simple
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intervention which can be practiced even in
resource limited conditions.

Conclusion

Oral zinc supplementation in children with acute
diarrhea, causes early normalization of stool
consistency, early recovery and it thereby
decreases total duration of hospital stay. Hence,
zinc  supplementation is effective, simple,
acceptable and affordable intervention in
management of acute diarrhea in children less
than five years of age belonging to developing
countries irrespective of their nutritional status.
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