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Zinc and vitamin A supplementation in Australian Indigenous
children with acute diarrhoea: a randomised controlled trial
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entral Australian Aboriginal children

have high rates of diarrhoeal disease.

In the Northern Territory, diarrhoeal
illnesses rank second in the reasons for
hospital admission in the 0—12 months and
1-4 years age groups (333.7 and 77.2 per
1000 Indigenous population, respectively).!
The rate in the 0-12 months age group is
over 100 times that in non-Indigenous Aus-
tralians.

International studies indicate that, in
some populations, zinc and vitamin A,
when used as co-adjunct treatment for
diarrhoea in children, can reduce the mor-
tality and morbidity associated with this
condition. In developing countries, zinc
supplementation has been shown to
reduce both the duration and severity of
acute diarrhoea.” Results from studies on
vitamin A supplementation are more varia-
ble, with some studies showing a protec-
tive effect.>!° Such studies suggest that
these interventions may provide major
benefits to Indigenous children in Aus-
tralia who have high rates of infectious
diseases, malnutrition and poor living con-
ditions.®!°

On the other hand, haematological
abnormalities'! and even increased
mortality'? after exposure to high doses of
zinc have also been reported.

Furthermore, as most previous trials of
zinc and vitamin A supplementation for
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ABSTRACT

Objective: To evaluate the role of zinc and vitamin A supplementation in the recovery
of Indigenous children hospitalised for acute diarrhoea.

Design: A randomised controlled 2 by 2 factorial trial of supplementation with zinc and

vitamin A.

Setting and participants: Aboriginal children (aged <11 years) hospitalised for acute
diarrhoea at Alice Springs Hospital, Northern Territory, April 2001-July 2002.

Main outcome measures: Duration of diarrhoeal illness; re-admission for diarrhoeal

illness within 120 days.

Results: Our study involved 392 Aboriginal children with 436 episodes of diarrhoea.

Supplementation with zinc, vitamin A, or combined zinc and vitamin A had no significant
effect on duration of diarrhoea or rate of re-admission compared with placebo. Median
diarrhoea duration after starting supplementation was 3.0 days for the vitamin A and zinc
supplemented and placebo groups (P values 0.25 and 0.69, respectively). The number of
re-admissions did not differ significantly between those receiving vitamin A or zinc and

the relevant placebo groups (relative risk [95% CI], 1.2 [0.7-2.1] and 1.3 [0.8-2.1],

respectively).

Conclusion: Vitamin A and zinc supplementation may not be indicated for in-hospital
management of acute diarrhoeal disease in Aboriginal children living in remote areas.
This finding may not apply to children with malnutrition, for whom other studies suggest
a benefit. Larger trials incorporating more comprehensive data on the vitamin A and zinc
status as well as nutritional status of study populations might help to explain the

different results in different populations.
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diarrhoea have been community-based (and
thus more prone to difficulties with moni-
toring compliance and conducting follow-
up), we cannot assume that their findings
would apply to hospitalised children with
diarrhoea.
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One justification for studying simultan-
eous treatment with zinc and vitamin A is
the evidence that vitamin A is dependent on
zinc sufficiency for many of its actions.'® At
the time of our study, there were no previous
published studies on the effect of combined
zinc and vitamin A supplementation in hos-
pitalised children with diarrhoea.

Our aim was to evaluate whether zinc and
vitamin A supplementation could reduce the
recovery time of Aboriginal children hospi-
talised for gastroenteritis and reduce the
incidence of recurrence of diarrhoea.

METHODS

Participants and setting

As part of a larger study of pneumonia and
diarrhoea in Indigenous children, we con-
ducted a hospital-based, randomised con-
trolled 2 by 2 factorial trial of zinc and
vitamin A supplementation in Indigenous
children at the Alice Springs Hospital in the
Northern Territory. All Aboriginal children
under 11 years of age who were admitted
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1 Enrolment and re-admissions to trial between April 2001 and July 2002

’ Eligible children with diarrhoea and/or pneumonia (n = 559) ‘

’ 540 children with diarrhoea and/or pneumonia enrolled (96.6% response rate)

’ Enrolled children with diarrhoea (n = 392) ‘

’ Intervention ‘

’ Follow-up ‘

Re-admission with diarrhoea
within 120 days (n = 42)

No re-admission
with diarrhoea (n = 306)

Re-admission with diarrhoea
after >120 days (n = 44)

[
Study endpoint

[
Intervention

Follow-up

No re-admission with diarrhoea (n = 36)

Re-admission with diarrhoea within 120 days (n = 8)

|
Study endpoint

to the hospital with pneumonia and/or
acute diarrhoea (>3 loose stools per day)
between April 2001 and July 2002 were eligi-
ble (Box 1). However, children with bron-
chiolitis syndrome (wheezing and coryza),
chronic lung disease (eg, bronchiectasis,
cough lasting more than 2 months), estab-
lished gastrointestinal disease (eg, short gut
syndrome) or neurological disease were
excluded. We present here our findings
relating to diarrhoea.

Treatments

Informed consent was obtained from the
carer(s) by an Indigenous research officer or
a member of the research team before enrol-
ment. Children enrolled were randomly
assigned (using a computer-generated per-
mutated block design) within strata of age
group (0-12 months and 1-10 years) and
disease (pneumonia or diarrhoea), then allo-
cated randomly to one of four treatment
regimens (zinc supplementation, vitamin A
supplementation, combined zinc + vitamin
A supplementation, or placebo). (A ran-
domly generated list to determine next-
treatment-group allocation had been pro-
vided by the Queensland Institute of Medi-
cal Research). A black sticker obscuring the
treatment group was removed only after
enrolment.

A research team member administered
the medication. Active and placebo zinc
were similar in appearance but not in
taste, while active and placebo forms of
vitamin A looked different from one
another. Children, their parents and
nurses, who recorded daily data, were
blinded to the treatment received. Trial
medication was commenced within 24
hours of admission.

Based on previous studies, medium
to high doses of active medication were
chosen: for children under 12 months,
vitamin A 50 000 IU (Day 1 and 5) and
elemental zinc (zinc sulphate) 20 mg daily
for 5 days; for children aged 1-10 years,
vitamin A 100000 IU (Day 1 and 5) and
elemental zinc 40mg daily for 5 days.
Children discharged before 5 days did not
receive the complete intervention.

8,14,15

Outcome measures

Data were collected on standardised forms
and outcome variables were recorded daily
until discharge. Anthropometric assessment
was performed at baseline and discharge.
Weight was determined to within 0.1kg
using an electronic scale (baseline weight was
measured after hydration); length (for chil-
dren <24 months) and height (for those over
24 months) were measured to within 0.1 cm.

All patients were tested for serum potas-
sium and haemoglobin and arterial pH lev-
els. For a sample of 37 children, serum
levels of zinc, vitamin A, retinol-binding
protein (the transport protein for vitamin A)
and albumin were measured at baseline.
(These children were chosen arbitrarily, with
selection unrelated to disease severity.
Budget constraints prevented us from carry-
ing out the tests on all children.) Blood for
these tests was collected before the adminis-
tration of trial medication. Tests followed
standard laboratory methods for collection
and processing. '©

Primary outcome measures were duration
of diarrhoeal episode and recurrence of diar-
rhoea within 120 days. An episode of diar-
rhoea was defined as at least 24 hours of
diarrhoea (>3 loose stools per day) and
considered terminated on the last day of
diarrhoea that was followed by at least 24
hours free of diarrhoea. After the first admis-
sion for diarrhoea, children were followed
up for 120 days for re-admissions for diar-
rhoea. Any who were re-admitted after 120
days were re-enrolled in the study (Box 1).

Sample size calculations were based on
previous reports and determined a priori.
Study power was recalculated when the
final sample size was known. With duration
of diarrhoea as the endpoint (2-sided test
comparing geometric mean number of
days), the power of the study to detect a
25%, 20% and 15% reduction in diarrhoea
duration (compared with 3.5 days in the
placebo group) was 92%, 57% and 45%,
respectively (at the 5% significance level).
With re-admission for gastroenteritis as the

2 Allocation to treatment groups

436 diarrhoea episodes (392 children)

Vitamin A
(109 episodes)

Zinc
(107 episodes)

Placebo
(108 episodes)

Zinc + vitamin A
(112 episodes)

14 re-admissions 14 re-admissions

14 re-admissions 8 re-admissions
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3 Characteristics of children with gastroenteritis at entry into the trial,
by treatment group**
Zinc Vitamin A Zinc+vitamin A Placebo
(n=107) (n=109) (n=112) (n=108) P
Age (months)
0-11 48 (44.9%) 53 (48.6%) 54 (48.2%) 49 (45.4%)  0.981
12-23 42 (39.3%) 37 (33.9%) 39 (34.8%) 40 (37.0%)
=24 17 (15.9%) 19 (17.5%) 19 (17.0%) 19 (17.6%)
Sex
Male 52 (48.6%) 57 (52.3%) 64 (57.1%) 63 (58.3%)  0.450
Female 55 (51.4%) 52 (47.7%) 48 (42.9%) 45 (41.7%)
Household employment
Mostly unemployed 69 (71.9%) 62 (67.4%) 74 (74.0%) 60 (64.5%) 0.760
Even numbers 14 (14.6%) 14 (15.2%) 13 (13.0%) 19 (20.4%)
Mostly employed 13 (13.5%) 16 (17.4%) 13 (13.0%) 14 (15.1%)
Place of residence
Alice Springs 30 (28.0%) 40 (36.7%) 42 (37.5%) 44 (40.7%)  0.248
Outside Alice Springs 77 (72.0%) 69 (63.3%) 70 (62.5%) 64 (59.3%)
Weight-for-age z score
< -2 (underweight) 20 (19.0%) 20 (18.7%) 16 (14.5%) 19(18.3%)  0.930
-1 30 (28.6%) 29 (27.1%) 33(30.0%) 34 (32.7%)
=0 55 (52.4%) 58 (54.2%) 61 (55.5%) 51 (49.0%)
Weight-for-height/length z score
< -2 (wasted) 9 (9.4%) 15 (15.6%) 16 (16.3%) 17 (17.7%)  0.698
-1 29 (30.2%) 27 (28.1%) 24 (24.5%) 28 (29.2%)
=0 58 (60.4%) 54 (56.3%) 58 (59.2%) 51 (53.1%)
Height-for-age z score
< -2 (stunted) 13 (13.4%) 7 (7.1%) 6 (6.0%) 6 (6.3%) 0.411
-1 22 (22.7%) 23 (23.5%) 19 (19.0%) 24 (25.0%)
=0 62 (63.9%) 68 (69.4%) 75 (75.0%) 66 (68.8%)
Breastfeeding
Still breastfeeding 76 (77.6%) 70 (73.7%) 74 (80.4%) 66 (73.3%) 0.474
Stopped breastfeeding 5 (5.1%) 6 (6.3%) 8 (8.7%) 10 (11.1%)
Never breastfed 17 (17.3%) 19 (20.0%) 10 (10.9%) 14 (15.6%)
*Figures (except Pvalues) represent number (%) of children. T Data were missing on breastfeeding
(61 children), household employment (55 children), weight-for-height/length z score (50 children),
height-for-age z score (45 children) and weight-for-age z score (10 children).
endpoint (2-sided test comparing propor-  Statistical analysis
17

tions of children re-admitted), the power of
the study to detect a 36% reduction in
recurrence among the zinc and vitamin A
groups was 80% if 436 episodes (218 in
each group) were studied (5% significance
level). The study had 90% power to detect a
42% reduction in re-admission for gastro-
enteritis. Comparing the group receiving
both vitamin A and zinc with the placebo
group (no vitamin A or zinc), the study had
80% power to detect a 50% reduction in the
rate of re-admission.
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Data were analysed using SPSS software.
Basic descriptive summaries were compiled
for each treatment group. The Kaplan—
Meier method of survival analysis was used
to look at time to re-admission (censored at
120 days from Day 1 of the intervention or
re-admission date, whichever came ear-
lier). The factorial study design (Box 2)
allowed comparison between children who
did or did not receive zinc supplementa-
tion (ignoring vitamin A supplementation
status) and between those who did or did
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not receive vitamin A supplementation
(ignoring zinc supplementation status). All
relative risks (RRs) were calculated using
generalised estimating equations (Stata’s
generalised linear model with the “cluster”
option'®) to correct for standard errors
arising from the fact that not all observa-
tions were independent (some children
were re-enrolled in the study). All RRs were
adjusted for the effect of vitamin A supple-
mentation in the zinc-supplemented group
and vice versa. To explore for synergistic
effects of receiving both zinc and vitamin
A, an interaction term for zinc supplemen-
tation and vitamin A supplementation was
added to the model.

We used Epi Info'” to calculate z scores.
Children were classified as “stunted”
(height-for-age <2 z scores below the
mean), “wasted” (weight-for-height/length
<2 z scores below the mean), or “under-
weight” (weight-for-age < 2 z scores below
the mean).?® For continuous normally-dis-
tributed variables (eg, number of days in
hospital), we reported means and compared
groups using a t test for independent sam-
ples. For non-normally-distributed data (eg,
serum levels of zinc and vitamin A, duration
of diarrhoea), we reported medians and
used non-parametric tests. Study endpoints
for each treatment group were formally ana-
lysed on an “intention to treat” basis.?!

Ethics approval

The study was approved by the Central
Australia Ethics Committee and the Queens-
land Institute of Medical Research Ethics
Committee.

RESULTS

Of 559 children eligible to be included in
the study for either diarrhoea or pneumonia,
540 took part (96.6% response rate). Here
we report results related to 436 episodes of
diarrhoea among 392 children (44 of the
episodes were re-admissions) (Box 1). The
demographic and baseline characteristics of
patients were similar in the four treatment
groups (Box 3 and Box 4).

Baseline tests

At presentation, 50.2% of children were
hypokalaemic (K* range, 1.3-3.59 mmol/L;
normal range [NR], 3.8-4.9 mmol/L) and
62.8% were acidotic (pH range, 7.02-7.35;
NR, 7.35-7.45). However, none were clini-
cally assessed to have more than mild dehy-
dration.
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4 Characteristics of children with gastroenteritis at entry into the trial,

by treatment group**

Zinc Vitamin A Zinc + vitamin A Placebo P

Diarrhoea duration before hospital admission

<1 day 26 (27.1%) 30 (31.6%) 29 (30.2%) 29 (31.2%) 0.942

1-2 days 2 (43.8%) 35(36.8%) 34 (35.4%) 31(33.3%)

3-4 days 20 (20.8%) 8 (18.9%) 1(21.9%) 24 (25.8%)

=5 days 8 (8.4%) 12 (12.6%) 12 (12.5%) 9(9.7%)

Previous episodes of hospitalised diarrhoea

0 70 (69.3%) 71 (74.7%) 71 (66.4%) 79 (78.2%)  0.241

1 13 (12.9%) 15 (15.8%) 22 (20.6%) 1(10.9%)

=2 18 (17.9%) 9 (9.5%) 14 (13.1%) 1(10.9%)
Acidosis

pH=<7.35 64 (66.7%) 62 (62.6%) 62 (58.5%) 59 (64.1%) 0.676
Serum potassium level

K*< 3.5mmol/L 58 (57.4%) 49 (47 .1%) 51 (47.7%) 49 (49.0%) 0.417
Dehydration

Mild (< 5%) 63 (67.0%) 64 (68.1%) 64 (68.8%) 67 (73.6%)  0.540

Moderate (5%—9%) 27 (28.7%) 21(22.3%) 25 (26.9%) 20 (22.0%)

Severe (>9%) 4 (4.3%) 9 (9.6%) 4 (4.3%) 4 (4.4%)
Haemoglobin level

Anaemia (<110g/L) 53 (53.5%) 52 (49.5%) 37 (35.9%) 51(50.0%) 0.060
*Figures (except P values) represent number (%) of children. T Data were missing on clinical level of
dehydration (64 children), acidosis (43 children), previous hospitalised episodes of diarrhoea (32 children),
haemoglobin level (27 children) and potassium level (24 children).

A sample of 37 children had their serum
levels of zinc and vitamin A measured at
baseline. Zinc levels were all normal, and
median levels were similar in the zinc
group (17.0 pmol/L) and placebo group
(15.0 ymol/L) (P=0.21; NR, 10-18 pmol/
L). Serum levels of vitamin A and retinol-
binding protein were low in almost all
children. Median baseline vitamin A levels
were the same (0.5 umol/L) in the vitamin
A and placebo groups (P=0.69; NR, 0.8—
2.5 umol/L). Median baseline retinol-bind-
ing protein levels were 9.0mg/L for the
vitamin A group and 10.0mg/L for the
placebo group (P =0.77; NR, 30-60 mg/L).

Outcomes of interventions

Children who did not complete the inter-
vention (31.2%) were mostly discharged
before 5 days. Of those assigned to vitamin
A supplementation, 67.9% of the vitamin A
group and 64.2% of the placebo group took
two doses (P=0.42). Of those assigned to
zinc supplementation, 90.9% of the zinc

group and 88.5% of the placebo group took
at least three doses (P=0.32). None of the
children enrolled in the study experienced
adverse effects from an intervention.
Although zinc sulfate is well known for its
metallic taste, about 85% of the children
had no problems taking it; 6.8% spat out
some and 0.4% vomited.

After intervention, there were very small,
non-significant differences in diarrhoea, re-
admission with gastroenteritis and weight
change (Box 5) between the supplemented
and non-supplemented groups for either
zinc or vitamin A supplementation.
Number of days in hospital was similar for
the vitamin A supplemented group com-
pared with the vitamin A placebo group
(median 5.0 days for both groups; P=
0.61), and for the zinc supplemented
group compared with the zinc placebo
group (median 5.0 days for both groups;
P=0.56). Diarrhoea duration after starting
supplementation was similar for vitamin A
supplementation and for zinc supplemen-

MJA - Volume 182 Number 10 « 16 May 2005

tation when compared with relevant pla-
cebo groups (median 3.0 days for all
groups; P values 0.25 and 0.69, respec-
tively) (Box 5). Similarly, for children tak-
ing combined zinc and vitamin A
compared with zinc, vitamin A or placebo
alone, there were very small differences in
diarrhoea duration, rate of re-admission
with gastroenteritis and weight change
(data not presented), none being statisti-
cally significant (RR of re-admission with
diarrhoea 1.1 for zinc + vitamin A com-
pared with other groups; 95% CI, 0.6-2.0).

Subgroup analyses of children according
to their nutritional status (eg, whether they
were stunted or not) did not reveal any
significant differences between subgroups.
However, these analyses were based on only
a small number of children in each cell.
There was a slight, non-significant trend
towards shorter hospital stay and shorter
duration of diarrhoea among stunted chil-
dren receiving supplementation.

Re-admissions

There were 86 re-admissions for diarrhoea
(42 within 120 days of first admission). The
average number of days until re-admission
was similar for the vitamin A-supplemented
group (mean, 110.6 days) compared with
the vitamin A placebo group (mean, 112.9
days), and for the zinc-supplemented group
(mean, 110.3 days) compared with zinc
placebo group (mean, 113.2 days) (range of
P, 0.36 to 0.42 [log-rank statistics]).

DISCUSSION

Our study investigated the clinical effect of
vitamin A and zinc supplementation in
Aboriginal children hospitalised for acute
diarrhoea. Overall, when comparing chil-
dren in the zinc and vitamin A supple-
mented groups with the respective non-
supplemented groups, there was no signifi-
cant effect on diarrhoea duration, weight
gain, time to re-admission with diarrhoea
and length of hospital stay. A small, non-
significant positive effect of zinc and vita-
min A supplements was seen in the sub-
group of stunted children. It is worth
noting that in Central Australia, children
are frequently kept in hospital longer than
disease duration because of the geographic
isolation of their communities and issues of
available family support. Therefore, length
of hospital stay may not be a good outcome
measure.

The lack of any significant impact of vita-
min A supplements on diarrhoeal morbidity

533
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5 Diarrhoea duration after intervention,
weight changes in groups supplemented with zinc or vitamin A**

Vitamin A supplementation

proportion of patients re-admitted, and

Zinc supplementation

Yes No

RR (95% Cl)

Yes No RR (95% CI)

Diarrhoea duration after starting intervention

or no change

<3 days 134 (64.1%) 134 (66.0%) 1.0 136 (65.7%) 132 (64.4%) 1.0

4-6 days 61(29.2%) 58(28.6%) 1.1(0.7-1.6) 58(28.0%) 61(29.8%) 0.9(0.6-1.4)

=7 days 14(6.7%) 11(54%) 1.3(0.6-2.9) 13(6.3%) 12(5.9%) 1.1(0.5-2.4)
P (trend) 0.593 0.882
Re-admission with gastroenteritis

No 193 (87.3%) 193 (89.8%) 1.0 191 (87.2%) 195 (89.9%) 1.0

Yes 28 (12.7%) 22(10.2%) 1.2(0.7-2.1) 28(12.7%)  22(10.2%) 1.3(0.8-2.1)
Change in weight during hospital stay

Weight gain 175 (81.0%) 168 (81.2%) 1.0 176 (82.6%) 167 (79.5%) 1.0

Weightloss 41 (19.0%) 39(18.8%) 1.0(0.9-1.1) 37(17.4%) 43(20.5%) 1.0(0.9-1.1)

RR = relative risk. * Figures (except RRs and P values) represent number (%) of children.
T Data were missing on weight change (13 children) and diarrhoea duration (24 children).

is consistent with some previous studies
looking at the effect of large doses of vitamin
A on early clinical recovery from severe
diarthoea.®** Although the baseline vitamin
A levels measured in our study were all low,
this is unlikely to reflect the true vitamin A
status in the population we studied. It is well
recognised that acute diarrhoeal illness can
be associated with acute falls in measured
values of serum vitamin A, which rapidly
recover even without supplementation.***

At the commencement of our study there
were no published studies on the effect of
combined vitamin A and zinc supplementa-
tion. A recent community-based study in
Dhaka, Bangladesh, showed that combined
zinc and vitamin A treatment reduced the
prevalence of persistent diarrhoea (defined
as any diarrhoeas that lasted for at least 14
consecutive days) more than either supple-
ment alone.’ In our study, the lack of effect
for zinc was consistent with some existing
data®® but inconsistent with a recent meta-
analysis.*® In most studies from developing
countries, benefits from zinc supplementa-
tion have been most evident in zinc-defi-
cient children .’

Although there are no community or
hospital data on levels of zinc or vitamin A
in the population we studied, our results
suggest that these children are not zinc-
deficient. A possible explanation for why
our results, particularly for zinc, differ from
those in other settings is that supplementa-
tion is only effective in populations with a
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low baseline level of these micronutrients.
This may be a critical issue in determining
which populations may benefit from these
interventions. Our study does not address
whether Aboriginal children who are mal-
nourished, have low baseline levels of
serum vitamin A or zinc, or have chronic
rather than acute diarrhoea may benefit. If
these are the children most likely to benefit,
our study had very little power to detect
differences. However, our results suggest a
positive effect of vitamin A and zinc supple-
mentation in stunted children, and this
should be explored in further research.

Other factors may have contributed to the
lack of effect on morbidity in this popula-
tion. The research team directly involved in
the study were not blinded to the vitamin A
supplementation. However, given that allo-
cation of treatment was concealed and that
the nurses collecting data, the children and
their parents were blinded, this source of
bias is unlikely.

Our study lacked information on baseline
serum zinc and vitamin A levels for all
children. If the mean levels of zinc and
vitamin A were, by chance, higher in the
supplemented groups, this could have
biased the results towards the null hypothe-
sis. However, the baseline characteristics of
the four treatment groups were very similar.
Furthermore, zinc and vitamin A levels
among the small sample of children who
were tested were similar across the treat-
ment groups. Thus, it is likely that mean
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levels of zinc and vitamin A were also fairly
evenly distributed across the entire sample.
Acknowledging the limitations of our
study, including its low power to detect
small differences between groups, we con-
clude that vitamin A and zinc supplementa-
tion may not be indicated in the
management of acute diarrhoea among hos-
pitalised Aboriginal children living in
remote areas of Australia. This finding may
not apply to children with malnutrition.
Nevertheless, management protocols based
on data from developing countries should
not be implemented in populations of indig-
enous children living in developed countries
without further supportive evidence. Data
on the vitamin A and zinc status as well as
nutritional status of study populations will
be essential if future trials are to explain
different results in different populations.
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