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ABSTRACT... OBJECTIVES: To evaluate the efficacy of zinc supplementation in patients with diarrheal illnesses. Study Design: Quasi
Experimental study. Setting: The study was conducted at the pediatrics department of Madina Teaching Hospital, Sargodha road, Faisalabad,
Period: 6 months period from November 2008 to April 2009. Material and Methods: Two hundred children suffering from diarrhea with mild to
moderate dehydration were included in the study and divided into two groups, Aand B. Group Awas given zinc supplementation along with ORS
and adequate nutrition according to age. In group B 100 children were taken as control to whom only ORS and adequate nutrition for age was
given. Results: Baseline clinical parameters were comparable in both groups at admission. The effect observed on stool consistency was more
marked in 72 hoursi.e. 71% patients were improved in group A versus 40% in group B, as compared to stool frequency in 72 hours i.e. 56% in
group A versus 39% in group B. Although in 7 days, 99% patients showed improvement in stool consistency in group A,70% in group B(p value
0.037) and stool frequency showed improvement of 96% in group Aas compared to 77% in group B(p value 0.037). Duration of hospital stay on
the average was about 2 days less in case of zinc supplemented group as compared to control group. Conclusion: Zinc supplementation
reduced the duration and severity of mild to moderate diarrheal iliness and treatment was well tolerated with no significant side effects.
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INTRODUCTION practices, improved nutrition, increased access to clear

Diarrhea is defined as the passage of three or more stools
in a day of consistency softer than usual for the child or
one watery stool per day'. There are three to four
episodes of diarrhea per child per year in Pakistan and it
causes an estimated 2.5 lac deaths in children under five
years of age per year as compared to united states where
approximately 125 deaths occur each year as a result of
gastroenteritis'. It accounts for 40-50% of our hospital
admission in summer.

Mortality due to diarrhea can be reduced by interventions
like oral rehydration therapy, optimal breast feeding

water and sanitation facilities, improved personal and
domestic hygiene and appropriate drug therapy where
necessary’. Antimotility agents (Loperamide) are
generally contraindicated in dysentery and have norole in
the management of acute watery diarrhea. Antiemetics
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are also of little value and have serious side effects
whereas antibiotics are used only in selective cases’.

Among the different new treatment options for diarrhea,
zinc supplementation is being studied world widely. Zinc
is an essential micronutrient with catalytic role in over a
hundred specific metabolic enzymes in human
metabolism and also required for many aspects of
immune system. Lack of zinc is associated with atrophy of
thymus and dysfunction of T lymphocytes. The potential
benefit of zinc on the immune system can be mediated by
a variety of pathways including stabilization of epithelial
barrier and function of neutrophils, natural killer cells,
monocytes and macrophages’. The beneficial effects of
zinc are not dependent upon the type of zinc salts”’.

Zinc supplementation in combination with oral
rehydration therapy has been shown to significantly
reduce the duration and severity of acute and persistent
childhood diarrhea and to increase survival in a number of
randomized controlled trials’. Although long-term
supplementation of large zinc quantities may not be
healthy for serum copper status, the dose and duration of
supplementation proposed, does not appear to have any
negative effect on copper status. Two trials assessed
copper status and found no difference in mean serum
copper levels between zinc-supplemented and placebo-
supplemented children after 14 days of supplemen-
tation®. Total zinc intake of 60 mg/day (50 mg supple-
mental and 10 mg dietary zinc) have been found to result
in signs of copper deficiency. In order to prevent copper
deficiency, the U.S. Food and Nutrition Board set the
tolerable upper level of intake (UL) for adults at 40
mg/day, including dietary and supplemental zinc’.

The possible mechanisms suggested by which zinc helps
indiarrhea, are:

. Toimprove water and electrolyte absorption™.

. To accelerate the regeneration of the gut
epithelium and thus improving barrier
dysfunction.

. To increase the activity of brush border
enzymes"

. To enhance overallimmune function”

. Toinhibit the growth of pathogens

Astudy was performed by the department of microbiology
in Indonesia to determine the inhibitory effect of zinc
sulfate on enteric pathogens. All the enteric pathogens
that were tested including Salmonella typhi, Salmonella
groups A, B, C, D and E, Escherichia coli, Enterobacter,
Shigella and Vibrio cholerae were inhibited by zinc sulfate
showing that it may have antimicrobial effect over these
pathogens”.

MATERIALAND METHODS

This hospital based study was conducted in the pediatric
department of Madina Teaching Hospital, University
medical and dental college, Sargodha road, Faisalabad,
during period of 6 months starting from November 2008 to
April 2009. Only indoor patients were included in the
study.

Children with acute watery diarrhea, persistent diarrhea
and dysentery of age between 6 months to 5 years of both
sexes, with no or some dehydration and diarrhea with first
and second degree malnutrition were included in the
study. Children with severe dehydration and other serious
illnesses like pneumonia, septicemia, meningitis,
hemolytic uremic syndrome, acute renal failure, 3"
degree malnutrition, chronic diarrhea like cow’'s milk
protein allergy, celiac disease, inflammatory bowel
disease, lactose intolerance, severe dehydration and
electrolyte imbalance were excluded from the study.

Study participants were divided into two groups with
random allocation, Group A (odd no.) and Group B (even
no.). Risks and benefits of zinc supplementation were
explained to the parents. Informed written consent was
taken. Data based on detailed history and examination
was registered as per performa. Nutritional status was
assessed from weight according to standard centile
charts. Group A was supplemented with 20 mg zinc
sulfate in the powder form dissolved in water in two
divided doses’ along with rehydration, nutritional support
and appropriate antibiotics; Group B was given only
rehydration therapy, with nutritional support and
appropriate antibiotics. Performa was filled on the day of
admission and then follow up was carried out at 24, 48
and 96 hours respectively. Those who did not improve or
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worsen were subjected to serum electrolytes, stool Table-l. Clinical parameters on admission.
culture, pH and reducing substances, and were treated )
accordingly, so excluding them from study. The outcome Particular Group A Group B
measures that showed the efficacy of treatment were No. of Patients 100 100
consistency of stools, frequency of stools and shortened Age (Month) 18+112.09 1741141
duration of hospital stay. The stool consistency was
divided into two categories, loose and formed stools, for 2ol
the purpose of analysis. All the children having watery Male 64 57
loose or semisolid stools were included in the loose stool Female 36 43
category. The longer follow up was done weekly for one :
monthin only those cases who returned for the follow up. Dehydration
No Dehydration 44 34
Data was analyzed with the help of SPSS program :
(standard package of statistical studies). The following Some Dehydration >0 %
statistical analysis was done: Duration of Diarrhea 3+1.2 4+1.27
. . (days)
. Frequency and consistency of stools, duration of
hospital stay were calculated. Frequency of Stools/day 6+1.86 6+1.33
. Mean + SD calculated for clinical parameters on Vomiting
admission like age, weight, frequency of stools
and duration of diarrhea. Yes 65 62
No 35 38
Quantitative data like frequency of stools, duration of v
hospital stay was measured by mean and standard
deviation, and the test of significance was t-test. Yes 56 53
NO 44 47
RESU!.T_S _ Weight (Kgs) 10+2.05 10+1.97
The clinical parameters of both the groups i.e., group A
(Zinc supplemented) and group B (non supplemented)
including age, weight, duration of illness and frequency of
stools were comparable at the time of admission and their Fig-1. Comparative stool consistency-72 hrs.
distribution was not statistically different (table-I). Both 70%
Groups showed no significant improvement in 24 hours 60%
with p-value = 0.00, hence the drug is not effective in 24 50%
hours (table-Il).
@ 40%
©
In 48 hours also both groups showed no meaningful == 30%
improvement (table-11). While in 72 hours there was a 20%
meaningful difference between two groups with Group A 10%
showing 71% of improved patients and B showing only
40% improvement (p-value = 0.037) (table-Il, Figure-1). 0
On 7th day follow up, 99% patients in group A had Improve Not improve
. o _
|(E[r;grlgi/|<la)r'nent and only 70% in group B. (p value =0.037) [ Group A Treatment

. Group B- Control
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Table-ll. Comparative stool consistency.

Duration Group A Group B P-value
% Improved % Not improved % Improved % Not improved
24 hours 11 89 04 96 0.06
48 hours 41 59 19 81 <.001
72 hours 71 29 40 60 <0.001
7 days 99 01 70 30 <.001
As far as stool frequency is concerned, both Groups  DISCUSSION

showed no meaningful improvement in 24 hours with p-
value = 0.00, as 100 percent patients showed no
improvementin this case (table IlI).

In48 hours also there is no significantimprovement, while
in 72 hours there is a meaningful difference and the
research claim accepted, with Group A showing 56%
improvement and B showing only 39% improvement (p-
value = 0.037) (table [ll). On 7th day Group A had 96%
improvement and B showed only 77% improvement
(p=value 0.037) (table IIl). A substantial difference was
observed between the average hospital stay of two
groups with group A (Administered with drug) on average
staying 2 days lesser than group B. There was much
lesser standard deviation observed among Group A
participant as compared to Group B (1.05 vs.1.19),
showing a much stable response in terms of hospital stay
for group Aas compared to group B.(Figure Il)

In our study we found considerable improvement in stool
frequency and stool consistency starting from 48 hours
and onwards. The effect observed on stool consistency
was more marked in 72 hours i.e. 71% in group A versus
40% in group B, as compared to stool frequency in 72
hoursi.e. 56% in group Aversus 39% in group B. Although
in 7 days the improvement in stool consistency and
frequency was 99% and 96% in group A as compared to
70% and 77% in group B. As more patients showed
subjective symptomatic improvement earlier in group A,
discharge rate was better in this group and duration of
hospital stay on the average was about 2 days less in
case of zinc supplemented group as compared to control
group, thus showing a considerable therapeutic effect of
zinc on patients with diarrhea. The suffering of mothers
and caretakers is reduced to a great extent even by a
small improvement, so we recommended the use of zinc
inthe treatment of diarrheain our children.

Table-lll. Comparative stool frequency

Duration Group A Group B P-value
% Improved % Not improved % Improved % Not improved

24 hours 0 100 0 100

48 hours 17 83 18 82 0.85

72 hours 56 44 39 61 <.001

7 days 96 04 77 23 <.001
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Fig-2. Average Hospital Stay (Days)
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Compliance in our study was fairly good because of
meticulous follow up. As far as adverse effects of zinc are
concerned, no serious systemic side effects were
observed during our study. A few studies have reported
vomiting as a side effect of zinc supplementation, but we
could not evaluate that, as vomiting was also as a result of
diarrhea itself. As other side effects like copper deficiency
occur as a result of long term use, it would need a larger
sample and longer duration of supplementation with zinc
to reach a significant conclusion.

The long term follow up was not possible for all the
patients as only a few patients returned for weekly follow
up for next month after discharge from the hospital, that's
why we could not analyze the effect of zinc on prevention
of further episodes of diarrhea.

Other factors influencing the outcome measures like age,
socioeconomic status, use of drugs and nutritional status
of the patients were addressed by randomizing the
subjects and thus reducing the chance of confounding by
the above mentioned and other unknown factors.

Although we can not compare exactly our study with other
international studies because of the difference in doses,
population, study design and outcome measures, but we
can interpret the results of these studies in relation to our
study.

Regarding the hospital stay our study found that average
duration of hospital stay was about 2 days less in the
treatment group as compared to control group. Dutta et al
also randomized 80 male children with acute diarrhea
between the ages of 3 and 24months to receive zinc or
placebo during hospitalization™. Zinc - supplemented
children had a shorter duration of diarrhea than placebo-
supplemented children (70.4 vs. 103.4; p=0.0001). Al-
Sonboli et al randomized 71 children in Brazil to receive
22.5 or 45 mg zinc/day for the treatment of acute
diarrhea”. Children receiving zinc had a shorter duration
of diarrhea (1.2 vs. 2.5 days; p<0.001) compared to
children not receiving the zinc supplement. Bhutta et al®
also assessed the effect of zinc supplementation on the
duration of diarrhea among children presenting with
persistent diarrhea in 4 randomized trials conducted in
Peru, Bangladesh, and Pakistan". In these trials, zinc
supplemented children had a 24% lower probability of
continuing diarrhea.

Al-Sonboli et al found the mean number of stools per day
to be less in the zinc supplemented children when
compared to the placebo group (4.1 vs. 10.0; p<0.01)".
Roy et al found a 28% lower median total stool output
when comparing zinc supplemented children to control
children with acute diarrhea (p=0.06)”. Khatun et al also
observed a lower mean daily stool output from day 2 to
day 7 (p=0.034)”. The use of zinc is also associated with
some additional benefits like increased use of ORS and
decreased use of antibiotics, visit to pharmacies and
village drug sellers™.

CONCLUSION

On the basis of our experience in the study we conclude
that the use of zinc in the treatment of diarrheal illnesses
including acute watery diarrhea, persistent diarrhea and
dysentery, improves frequency and consistency of stools
thus reducing the duration of illness. As diarrhea is one of
the leading causes of childhood mortality and morbidity
particularly in the developing countries, this treatment
modality may help us reduce the disease burden and
removing the problems like drug resistance and
opportunisticinfections.
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However like any good study, it has raised further
questions on the issue, which should be addressed by
larger trials including interaction with other drugs and
possible adverse effect by using the therapeutic doses.
Our study also could not address the role of zinc in
prevention of diarrhea, but this is an area which definitely
requires further research.

Copyright©12 Oct, 2009.
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