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Objective: To assess the impact of zinc supplementation during acute diarrhoea on subsequent growth and
morbidity in malnourished young children.
Design: Double blind randomized controlled clinical trial
Setting: International Centre for Diarrhoeal Disease Research, Bangladesh.
Subjects: Sixty-®ve children aged 3±24 months with acute diarrhoea for less than 3 d.
Intervention: Either elemental zinc (20 mg=d) in a multivitamin syrup or multivitamin syrup alone divided in
three divided daily doses for a period of two weeks. Children were followed up weekly at home to assess
subsequent growth and morbidity for a period of eight weeks.
Main outcome measures: Gain in length and body weight and reduction in diarrhoea and respiratory tract
infection.
Results: During the follow-up, zinc supplemented children showed signi®cantly greater cumulative length gain
(18.9 mm vs 14.5 mm, P< 0.03) and comparable body weight gain than the children of the control group.
Subsequent length gain was not correlated with initial height in the zinc-supplemented group (r� 0.13),
P � 0:5), but was signi®cantly correlated in the control group (r � 0:6, P< 0.0007). Zinc-supplemented and
stunted children (� 90% length for age n � 18) experienced signi®cantly fewer episodes of diarrhoea (0.07 vs
0.6, P < 0:05) and respiratory illness (1.0 vs 2.4, P< 0.01) compared to the control group. The underweight
children (� 71% weight=age n � 38) receiving zinc-supplementation also had fewer episodes of diarrhoea (0.4
vs 1.0, P< 0.04) and shorter duration of diarrhoeal episodes (1.0 vs 3.0 d, P< 0.04) compared to their
counterparts in the control group.
Conclusion: These results suggest that a short course of zinc supplementation to malnourished children during
acute diarrhoea reduces growth-faltering and diarrhoeal and respiratory morbidity during subsequent two
months.
Sponsorship: Wellcome Trust.
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Introduction

Diarrhoea and malnutrition remain major health problems
among children of developing countries. Although it has
been well documented that diarrhoea is a major cause of
malnutrition (Rowland et al, 1977; Tomkins, 1983) and
malnourished children are at greater risk of infection and
severe illness, the importance of micronutrient supplemen-
tation in the diarrhoea-malnutrition cycle has not been
completely de®ned. Zinc is an essential trace element
that is required for normal intestinal mucosal integrity,
skeletal growth, sodium and water transport, and immune
function. Malnourished children are often zinc de®cient and
marginal body zinc stores may be further depleted during
diarrhoea through fecal zinc losses, which may be as high
as 159 mg=kg=d (Castillo-Duran et al, 1988). Children in
developing countries suffer from 3±4 episodes of acute
diarrhoea yearly and each episode lasts an average of
3±4 days. This cycle of diarrhoea with lower dietary

intake and fecal nutrient losses may substantially reduce
the zinc stores which could result in growth-faltering and
increased morbidity especially among the malnourished
children. It has been shown that zinc supplementation
during nutritional rehabilitation of the severely malnou-
rished children results in rapid weight gain (Golden &
Golden, 1981; Simmer K et al, 1988; Khanum S et al,
1988). Zinc de®ciency is associated with depressed cell-
mediated and humoral immunity and supplementation may
enhance immune functions (Chandra & Au, 1980). In
children of Bangladesh and Peru, depressed cell mediated
immunity has been associated with higher diarrhoeal attack
rates (Koster et al, 1987; Baqui et al, 1993). It is not yet
known whether zinc replenishment in malnourished chil-
dren during acute diarrhoea has the potential to reduce
subsequent growth-faltering and morbidity.

We hypothesized that malnourished children who
receive zinc supplementation during acute diarrhoeal epi-
sodes would be bene®ted with reduction in subsequent
growth faltering and diarrhoeal and respiratory morbidity.
Based on these assumption, we studied children who
rec-eived zinc or placebo in a double-blind randomized
trial for two weeks, to investigate the effect of zinc
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supplementation on growth and morbidity during subse-
quent two months.

Materials and methods

Population
Children aged 3±24 months with acute diarrhoea (AD) for
less than 3 d and weight for age less than 76% of median
NCHS (1976) standard were eligible to take part in this
study. Weight for age and height for age percentage of
median were used, as people of our country are more
acquainted with this type classi®cation of malnutrition.
Weight for age less than 76% was used as cut-off point
to avoid well nourished children to be included in the study,
since well nourished usually do not have zinc or other
micronutrient de®ciency and zinc is believed to be more
effective on zinc de®cient children. As per Gomez classi-
®cation up to 76% weight for age means second degree
malnutrition. Irrespective of socio-economic status, all
children, who ful®lled the inclusion criteria and attended
the clinical research and service centre of the International
Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) were included into this study. Children who
lived within a 20 km radius of the Centre and only urban
and peri-urban children were included into this study.
Rice is their staple food and seasonality do vary their
food habit very much. Exclusion criteria included the
presence of any severe systemic infection, temperature
> 38�C and pedal oedema.

Methods
Written consent was obtained from the parents of all the
children beforehand and the protocol was approved by the
Ethical Review Committee of ICDDR,B. Diarrhoeal man-
agement was done according to standard practice of the
treatment centre and was uniform for all the children.
Brie¯y, severe dehydration was corrected within 4 h of
admission according to the WHO guidelines with intrave-
nous infusion of a poly-electrolyte solution (sodium
133 mmol=L, potassium 1 mmol=L, chloride 98 mmol=L
and HCO3 48 mmol=L), in case of some or mild dehydra-
tion, WHO=UNICEF recommended oral rehydration solu-
tion (sodium 90 mmol=L, pottasium 20 mmol=L, chloride
80 mmol=L and HCO3 30 mmol=L) was administered. The
detail of clinical management and outcome of these
patients have been described elsewhere (Roy et al, 1996).
Children were breastfed and a milk-cereal diet containing a
small amount of dietary zinc (1.4 mg=L) was given during
hospitalization. A double-blind randomized trial was con-
ducted. Computer generated randomization was used.
Block randomization was done using eight numbers in
each block to ensure that after every eight patients equal
numbers of patients have entered into each group. This
procedrue was repeated for each set of eight patients.
Children were randomly allocated to two groups. Each
group received either 20 mg elemental zinc per day with
multivitamins or multivitamins alone in a dose of twice the
recommended dietary allowances in three divided doses for
a period of two weeks. Study syrup was started immed-
iately after sending baseline samples, that is blood
and stool samples. At the hospitalization period, syrup
was administered by nurse and after discharge it was
administered by the mother of the child or the care taker
of the child who was trained by our staff. The manufacturer
of the syrup was ACME laboratories limited, Dkaka

Bangladesh. The study syrup contained zinc (zinc acetate)
6.7 mg=5 ml in a multivitamin syrup. The composition of
multivitamins were, vitamin A 3000 IU, B1 1.2 mg, B2

2.0 mg, B6 0.06 mg nicotinamide 6.0 mg, calcium D pan-
tothenate 6.0 mg per 5 ml. Multivitamins were given as all
the children under study were moderately or severely
malnourished and malnourished children are often found
to be de®cient in vitamins. Bad taste of the zinc were
masked by the manufacturer as instructed by the investi-
gators. After discharge from the diarrhoea treatment centre,
compliance with daily intake of the syrup at home was
monitored by checking the remaining portion of syrup by
trained health workers at alternate day visits. Body weights
of children were measured initially after correction of
dehydration and repeated every morning between 9 and
10 am during their hospitalization using weighing scales of
20 g sensitivity (Toledo, USA). Weekly measurement of
body weights was taken using weighing scales of 100 g
sensitivity (Salter, UK). Supine length of a child was
measured on admission and then at weekly interval for a
period of eight weeks. Length was measured with a locally
constructed length board with a precision of 1 mm. Four
female Research Assistants were trained for two weeks on
techniques of anthropometric measurements and data col-
lection methods at ®eld. Their intra-observation and inter-
observation variation in anthropometric measurements
were calculated and trained until they achieved an accepted
level of 2% or less of co-ef®cient of variation. All instru-
ments were standardized every morning before measure-
ments. After two weeks of supplementation, children were
followed up weekly for eight weeks. Stunting was de®ned
as length for age less than or equal to 90% of median
NCHS standard (NCHS, 1976). Underweight children were
classi®ed as weight for age less than or equal to 70% of the
median NCHS standard. Morbidity data were collected
from mothers by weekly recall method. A form was used
to collect morbidity history of last 7 d by backwards
methods. An episode of diarrhoea was de®ned as three or
more loose, liquid, watery or mucoid stools during a 24 h
period or any number of stools containing blood and
mucous. A new diarrhoeal episode was de®ned when it
was separated from the previous episode by at least a 48 h
interval of passage of normal stool. If any episode con-
tinued into the subsequent week it was considered as the
previous episode. During home visits, mothers were asked
about the exact day of the beginning of any illness, its
continuation and the day of recovery. Children not avail-
able on the scheduled date of follow-up were visited on the
following day. Upper respiratory tract infection (URTI)
was de®ned as presence of cough, nasal discharge and
raised body temperature. Lower respiratory tract infection
(LRTI) was de®ned by a respiratory rate of more than 50
per minute, dif®culty in breathing, cough and body tem-
perature above 38 �C. All illness episodes were examined
by investigators to con®rm the diagnosis and institute
necessary for standard medical care. Venous blood samples
were taken at the beginning and at the end of the admin-
istration of the study syrup for two weeks. Morning blood
specimens obtained by venipuncture were carefully col-
lected with trace-element free plastic syringes and dispo-
sable stainless steel needles and were transferred into pre-
washed zinc-free plastic tubes. Glass tubes and plastic tubes
were rendered trace-mineral free for collection and analysis
of samples by overnight soaking in 50% nitric acid, rinsed
three times with doubly deionized water and allowed to
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drain dry. Serum zinc was estimated with an atomic
absorption spectrophotometer (AAS, Perkin-Elmer Model
3100) and retinol was estimated by high-pressure liquid
chromatography (HPLC, Waters 510, USA).

Statistical analysis
Data were transferred to coding sheets and analyses were
performed using SPSS=PC� (SPSS Inc., USA) and NCHS
statistical packages. In the case of normal distribution of
data, group means were compared using Student's t-test. In
case of non normal distribution, data was logarithmically
transformed before using t-test. Statistical signi®cance was
accepted at a 5% probability level.

Results

The 32 children in the zinc and 35 children in the control
group were comparable on admission with respect to age,
sex, duration of diarrhoea before entry to the trial, nutri-
tional status, serum zinc and retinol levels (Table 1). Two
weeks after commencement of zinc supplementation, mean
serum zinc level increased signi®cantly in the zinc-
supplemented subjects (13.0 vs 11.0 mmol=l, P � 0:007)
whereas in the placebo group, it remained same
(12.1 vs 12.1 mmol=l, P � 0:98) which has been reported
elsewhere (Roy et al, 1996).

Seven per cent of the total children did not complete the
study because of mitigation due to ¯ood in the study area.
These children were comparable in proportion between the
groups and were comparable with their own treatment
group in respect of age, nutritional status and severity of
disease at the entry to the study.

The mean overall weight gain of the children were
14 g=kg=week from beginning of study until the end of
two weeks of supplementation period a 11 g=kg=week
during the subsequent eight weeks. There was no signi®-
cant differences in mean weight gain between the zinc and
control groups during the follow-up period. Unlike the gain
in body weight, children receiving zinc supplementation
during acute diarrhoea showed a 30% greater net length
gain compared to the controls during the eight weeks
follow-up period (18.9 vs 14.5 mm, P < 0:05, Figure 1).

The net gain in length was inversely correlated with
initial length among the children not receiving zinc
(r� 0:6, slope� 0:13, p<0:0007, Figure 2) whereas in
the supplemented children, the net gain in length increased
irrespective of any relationship with initial length r� 0:13,
slope� 0:04, p � 0:5, Figure 3).

There was no difference in the morbidity pattern
between the zinc supplemented and control children when
entire groups were compared. However, among the lighter
children (�70% weight=age, basal serum zinc con-
centration, zinc group� 10:98 and placebo group-

Table 1 Comparison of children receiving zinc and placebo for acute
diarrhoea at the entry of follow-up (mean, 95% CI)

Placebo Zinc
�n � 33� �n � 32�

Weight=age 68.(65.96, 70.04) 69.(66.92, 71.08)
Height=age 92.(90.98, 93.02) 92.(91.31, 92.69)
Weight=ht 81.(78.61, 83.39) 83.(81.27, 84.73)
MUAC (cm) 11.6 (11.26, 11.94) 11.5 (11.16, 11.84)
Sex (M=F) 18.=15 16.=16
Age (months) 11.(9.3, 12.70) 11.(9.62, 12.38)
Duration of diarrhoea (d) 2.6 (2.37, 2.83) 2.8 (2.49, 3.11)
Serum zinc (mmol=l) 12.6 (10.56, 14.64) 11.2 (10.16, 12.24)
Serum retinol (mmol=l) 0.52 (0.43, 0.62) 0.52 (0.44, 0.61)

Figure 1 Impact of zinc supplementation on linear growth in children
with acute diarrhoea (mean & s.e.m.).

Figure 2

Figure 3
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� 12:76 mmol=L), the mean (CI) number of diarrhoeal
episodes was fewer 0.4 (0.13, 0.67) in the zinc supplemen-
ted children compared to control group 1.0 (0.55, 1.45)
(P � 0:04). The number of mean (CI) episodes of watery
diarrhoea were also fewer 0.2 (0.00, 0.42) in the zinc
supplemented children compared to that in the placebo
group 0.8 (0.43, 1.17) (P< 0.02). The mean (CI) duration
of diarrhoeal episodes were signi®cantly shorter in the zinc-
supplemented group 1.0 (0.00, 2.44) days compared to that
of the control group 3.0 (1.38, 4.62) days (P< 0.04). The
effect of zinc supplementation on illness were more pro-
nounced among the shorter children (� 90% length=age,
basal serum zinc level, zinc group� 10:75 and placebo
15.0 mmol=L) in the zinc-supplemented group who has
signi®cantly fewer episodes of both water diarrhoea
(mean 0.07 vs 0.6, P< 0.05) and respiratory tract infections
(mean 1.0 vs 2.4, P< 0.01) compared to their counterparts
in the control group (Table 2). These children also had a
signi®cantly shorter mean duration of diarrhoea (0.2 vs
2.1 d, P � 0:05) and respiratory tract infections (1.6 vs
4.2 d, P< 0.01).

Discussion

Our study examined the effects of zinc administered at the
time of treatment of acute diarrhoea on subsequent growth
and morbidity due to diarrhoea and respiratory illness. A
pronounced effect of zinc supplementation was observed
on linear growth, but no such effect was noticed on body
weight. This is in contrast with the results of some studies
of zinc supplementation during nutritional rehabilitation of
severely malnourished children who were free from diar-
rhoea (Golden & Golden, 1981; Khanum et al, 1988).
Walravens et al (1983) also reported that children provided

with daily dose of 7.5 mg elemental zinc for six months had
signi®cant improvement of weight=age Z-score, but those
children also received energy and protein-rich food.

During rapid catch-up growth of severely malnourished
children, therapeutic goals include weight accrual which
includes tissue synthesis and normalization of ¯uid and
electrolytes. In the presence of adequate energy and protein
in the diet, zinc would be utilized for lean tissue synthesis
(Golden & Golden, 1981). In our study, an impact of zinc
supplementation on body weight during follow up was not
evident, perhaps due to one or more of the following
reasons: (1) absence of a high-protein and high-energy
diet at home, such as that given in rehabilitation studies
as high intake of energy and protein intake is a prerequisite
for optimal catch-up growth of malnourished children; (2)
subjects of this study probably had lower absorption and
retention of the supplemental zinc compared to the non
diarrhoea state of malnourished children; and (3) in the
absence of optimal dietary energy and protein, zinc might
have been preferentially utilized for skeletal growth rather
than for weight accrual. Additionally, in the absence of
adequate energy and protein, zinc might be utilised for
synthesis of labile proteins such as growth hormone
(Chruvanky et al, 1982), immunoglobulins, enzymes,
bone growth and bone mineralisation (Leek et al, 1984)
rather than for lean tissue (muscle) synthesis. The dose of
zinc was possibly too low to achieve a maximal supple-
mentation effect. The study subjects received a rice and
milk containing diet which was low in zinc (1.4 mg=l)
during their relatively brief stay in the hospital. Yet they
showed increase in body weight at the time of discharge
which has been reported earlier (Roy et al 1997). The
supplementation of zinc led to increased linear growth by
improving the zinc store of the children. De®cit in height in
growing children has been documented in a syndromic
condition of mild zinc de®ciency in both developing
countries (Prasad, 1979), Denver (Hambridge et al,
1972), Yugoslavia (Buzina et al, 1980) and other areas.
Zinc supplementation increased linear growth in a group of
school children in Iran (Ronagy et al, 1974) and Denver
(Buzina et al, 1980) USA. Recent results from a study of
growth retarded Vietnamese children with 10 mg of daily
zinc supplementation showed signi®cant height gain over
the ®ve months of supplementation with rise in serum
insulinlike growth factor level (IGF-1) (Ninh et al, 1996).
The role of zinc on skeletal growth is not fully understood,
but zinc is known to be essential for bone growth. In
particular, bone-derived alkaline phosphatase is a zinc
metalloenzyme which is dependent on body zinc status.

Table 2 Effect of zinc supplementatin on diarrhoeal and respiratory illness among stunted (� 90% length=age) children during eight weeks of follow-up
after acute diarrhoea (mean, 95% CI)

Placebo Zinc supplementation Statistical signi®cance
n � 16 n � 13 (P value)

No. of all diarrhoea 0.6 (0.12, 1.08) 0.2 (0.00, 0.44) 0.1
Duration of diarrhoeal episodes (d) 2.3 (0.49, 4.11) 0.2 (0.00, 0.68) 0.03
No. of watery diarrhoea 0.6 (0.17, 1.03) 0.07 (0.00, 0.25) 0.05
Duration of watery diarrhoea (d) 2.1 (0.23, 3.97) 0.2 (0.00, 0.68) 0.05
No. of all respiratory tract infection 2.4 (1.55, 3.25) 1.0 (0.27, 1.73) 0.01
No. of lower respiratory tract infection (LRTI) 1.0 (0.57, 1.43) 0.3 (0.00, 0.54) 0.0009
Duration of LRTI episode (d) 4.2 (2.18, 6.22) 1.15 (0.00, 2.3) 0.01
No. of URTI episode 1.4 (0.81, 1.99) 0.7 (0.09, 1.3) 0.06
Duration of URTI (d) 6.4 (3.58, 9.22) 4.2 (0.33, 8.07) 0.2

Data were log transformed before using Student's t-test of signi®cance.

Table 3 Effect on zinc supplementation on cumulative weight (g) of
patients with acute diarrhoea during eight weeks follow-up (mean � s.d.)

Weeks of follow-up Placebo Zinc Statistical signi®cance

Week 1 278� 338 308� 306 0.7
Week 2 344� 268 340� 274 0.9
Week 3 428� 304 383� 389 0.6
Week 4 531� 318 471� 445 0.5
Week 5 658� 351 579� 412 0.7
Week 6 672� 353 615� 445 0.6
Week 7 755� 361 702� 445 0.6
Week 8 793� 489 774� 531 0.9

There was no signi®cant weight gain between the placebo and the
supplemented groups during follow-up period.
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Growth-hormone de®cient children showed signi®cant
increase in linear growth with zinc supplementation
compared to treatment with growth hormone alone
(Richards & Marshall, 1983). The active mediator of
growth hormone, IGF-1 is dependent on zinc (Castro-
Magana et al, 1981). The effect of zinc on bone growth
in our subjects was further demonstrated by the differences
in linear relationships between the initial height and the
amount of net increase in height. In the supplemented
group there was apparently no correlation between net
skeletal growth and initial height, that is all supplemented
children had maximised their catch-up growth with avail-
able zinc. But this was not the case for the unsupplemented
children who showed a highly signi®cant inverse linear
relationship between net skeletal growth and initial height.
The children of control group received no additional zinc,
hence their growth was dependent on preexisting body
reserves of zinc or dietary sources of zinc. During nutri-
tional rehabilitation, it is observed that rate of catch-up
growth is inversely proportional to initial nutritional de®cit,
as was observed in our control children.

In our study subject, neither diarrhoeal nor respiratory
morbidity was different when the groups were compared as
a whole, but zinc supplementation reduced the incidence of
subsequent morbidity from diarrhoea and respiratory tract
infections among the underweight and shorter children who
tended to be more zinc de®cient. Reduced morbidity in
diarrhoea and preventive effect on new episodes have been
reported with zinc supplementation where zinc supplemen-
tation was continued for a long period on daily dose
(Sazawal et al, 1995). The interesting difference with our
study was that our children were in more severe diarrhoea
as they were hospitalised for treatment and zinc supple-
mentation was only given during the diarrhoeal period, but
our study documented additional bene®ts beyond the acute
period. The effect of short term zinc supplementation were
evident by promoting growth and reducing diarrhoeal and
respiratory morbidity in most zinc de®cient children,
namely who were stunted. Zinc supplementation is
known to improve immunity in malnourished children,
although it would have been interesting to see the correla-
tion, but we could not study that in our clinical study.
Secretory IgA, an important defence mechanism against
bacterial growth and colonisation, has been shown to be
signi®cantly increased in children supplemented with zinc
during nutritional rehabilitation (Lethi, 1982; Castillo-
Duran et al, 1987). Zinc de®ciency is also associated
with impaired cell-mediate immunity (CMI) with thymic
atrophy whereas zinc supplementation increases thymic
size (Golden et al, 1977) and improves delayed cutaneous
hypersensitivity response in malnourished children (Golden
et al, 1978). It also improves CMI in patients with syn-
dromic zinc de®ciency of acrodermatitis enteropathica
(Oleske et al, 1979).

Protective effect of zinc for infectious diseases were
reported earlier. Subjects given zinc prophylactically
experienced fewer Rhinovirus infections (Al-Nakib et al,
1987). In Bangladesh, anergic children with depressed cell-
mediated immunity associated with malnutrition experi-
enced higher diarrhoeal attack rates compared with non-
anergic children (Baqui et al, 1993). In a previous study in
Chile, a signi®cantly greater proportion of malnourished
children not supplemented with zinc remained anergic
compared to zinc-supplemented children (Castro-Magana
et al, 1981). Our study supported the recent reports of the

effect of zinc on reduction of morbidity of diarrhoea and
respiratory infection in Mexico (Rosado et al, 1995) and
Guatemala (Ruel et al, 1995).

Duration of subsequent illness was reduced in the zinc
supplemented children who were shorter and lighter. There
are several plausible causes for this observation which
include a better mucosal function and ¯uid absorption,
reduced bacterial adhesion and faster bacterial clearance
from the epithelial surface in the supplemented children.
Our earlier morphological studies with zinc have shown the
earlier repair of small intestinal mucosa of young children
suffering from acute or persistence diarrhoea (Roy et al,
1992). A recent study in India showed that zinc supplemen-
tation reduced severe diarrhoeal episodes and a 30% reduc-
tion of diarrhoea incidence in children (Sazawal et al, 1995).
It is also possible that the zinc-supplemented children who
had earlier recovery from diarrhoea might have a concomit-
tant reduction in endogenous zinc loss through stool (Cas-
tillo-Duran et al, 1988) and additional zinc from supplement
thus ensured their better zinc status which might have
re¯ected in their higher serum zinc level after diarrhoea.

Conclusions

The results of our study indicate that short term zinc
supplementation during acute diarrhoea reduces growth-
faltering following diarrhoea as well as reduces subsequent
diarrhoeal and respiratory morbidity in undernourished
children for at least two months. Zinc supplementation
should therefore be strongly considered in the child survi-
val strategy including the treatment of acute diarrhoea in
malnourished children.

Acknowledgements Ð This research was supported by the Wellcome Trust

(UK) and the International Centre for Diarrhoeal Disease Research,

Bangladesh (ICDDR,B). The ICDDR,B is supported by countries and

agencies which share its concern for the health problems of developing

countries. Current donors include: the aid agencies of the Governments of

Australia, Bangladesh, Belgium, Canada, Denmark, Germany, Japan, the

Netherlands, Norway, Saudi Arabia, Sri Lanka, Sweden, Switzerland,

Thailand, the United Kingdom and the United States; international

organizations including Arab Gulf Fund, Asian Development Bank,

European Union, the United Nations Children's Fund (UNICEF), the

United Nations Development Programme (UNDP), the United Nations

Population Fund (UNFPA) and the World Health Organization (WHO);

private foundations including Aga Khan Foundation, Child Health

Foundation (CHF), Ford Foundation, Population Council, Rockefellar

Foundation and the Sasakawa Foundation; and private organizations

including American Express Bank, Bayer A.G., CARE, Family Health

International, Helen Keller International, the Johns Hopkins University,

Macro International, New England Medical Centre, Procter Gamble,

RAND Corporation, SANDOZ, Swiss Red Cross, the University of

Alabama at Birmingham, the University of Iowa, Wander A.G. and

others. We acknowledge Quazi Eliza Begum, Sabira Islam, Azmira

Begum, and Zerin Sultana for the ®eld work and Drs Iqbal Kabir, Abbas

Bhuiyan and Aminul Islam for reviewing this manuscript. We acknowl-

edge Mr KM Ra®que for his help in preparing this manuscript.

References

Al-Nakib W, Higgins PG, Barrow I, Batsone G & Tyrell DAJ (1987):
Prophylaxis and treatment of rhinovirus colds with zinc gluconate
lozenges. J. Antimicrobiol. Chemother. 20, 893± 901.

Baqui AH, Sack RB, Black RE, Chowdhury HR, Yunus M & Siddique AK
(1993): Cell-mediated immune de®ciency and malnutrition are inde-
pendent risk factors for persistent diarrhoea in children. Am. J. Clin.
Nutr. 58, 543± 548.

Bangladeshi children with acute diarrhoea
SK Roy et al

533



Buzina R, Jusic M, Sapunar J & Milanovic N (1980): Zinc nutrition and
taste acuity in school children with impaired growth. Am. J. Clin. Nutr.
33, 2262±2267.

Castillo-Duran C, Haresi G, Fisberg M. & Uauy R (1987): Controlled
clinical trial of zinc supplementation during recovery from malnutrition:
effects on growth and immune function. Am. J. Clin. Nutr. 45, 602±608.

Castillo-Duran C, Vial P & Uauy R (1988): Trace mineral balance during
acute diarrhoea in infants. J. Pediatr. 113, 452± 455.

Castro-Magana M, Collip PJ & Cheruvanky T (1981): Hormones and zinc.
Pediatr. Res. 15, 426±430.

Chandra RK & Au B (1980): Single nutrient de®ciency and cell mediate
immune responses. I. Zinc. Am. J. Clin. Nutr. 33, 736± 738.

Cheruvanky T, Castro-Magana M, Chen SY, Collipp PJ & Ghavami-
Maibodi Z (1982): Effect of growth hormone on hair, serum and urine
zinc in growth hormone de®cient children. Am. J. Clin. Nutr. 35, 668±
670.

Golden MHN, Jackson AA & Golden BE (1977): Effect of zinc on thymus
of recently malnourished children. Lancet 2, 1057± 1059.

Golden MHN, Golden BE, Harland PSAG & Jackson AA (1978): Zinc and
immunocompetance in protein energy malnutrition. Lancet 1, 226± 227.

Golden MHN & Golden BE (1981): Effect of zinc supplementation on the
dietary intake, rate of weight gain and energy cost of tissue deposition
in children recovering from severe malnutrition. Am. J. Clin. Nutr. 34,
900±908.

Hambridge KM, Hambridge C, Jacobs M & Baun JD (1972): Low levels
of zinc in hair, anorexia, poor growth and hypogeusia in children.
Pediatr. Res. 6, 868± 874.

Khanum S, Alam AN, Anowar I, Ali MA & Rahaman MM (1988): Effect
of zinc supplementation on the dietary intake and weight gain of
Bangladeshi children recovering from protein energy malnutrition.
Eur. J. Clin. Nutr. 42, 709±714.

Koster FT, Palmer DL, Chakraborty J, Jackson T & Curlin GL (1987):
Cellular immune competence and diarrhoeal morbidity in malnourished
Bangladeshi children: a prospective ®eld study. Am. J. Clin. Nutr. 46,
115±120.

Lethi KA (1982): A study of the effect of zinc supplementation on salivary
secretory immunoglobulin A (SIgA) and growth of non breast feeding
Amazonian infants. M.Sc. Dissertation, University of London.

Leek JC, Vogler BJ, Greshwin ME, Golul MS, Hurley LS & Hendricks
AG (1984): Studies of marginal zinc deprivation in rhesus monkeys. V.
Fetal and infant skeletal effects. Am. J. Clin. Nutr. 40, 1203± 1212.

NCHS Growth Charts. United States, Public Health Service, Health
Resources Administration. 1976, Rockville Pike, MD (HRA 76-
1120,m 25,3).

Ninh NX, Thisen JP, Collette L, Geard G, Khoi HH & Ketelsligers JM
(1996): Zinc supplementation increases growth and circulating insulin
like growth factor (IGF-1) in growth retarded Vietnamese children. Am.
J. Clin. Nutr. 63, 514±519.

Oleske JM, Westphal ML, Shore S, Gorden D, Bogden JD & Nahmias A
(1979): Zinc therapy of depressed cecullar immunity in acrodermatitis
enteropathica. Am. J. Dis. Child. 133, 915± 918.

Prasad AS (1979): Zinc in Human Nutrition. Florida: CRC Press Inc.
Richards GE & Marshall RN (1983): The effect of growth hormone

treatment alone or growth hormone with supplemental zinc on growth
rate, serum and urine zinc and copper concentrations and hair zinc
concentrations in patients with growth hormone de®ciency. J. Am. Coll.
Nutr. 20, 133± 140.

Ronagy HA, Reinhold JG, Mahloudji M, Ghvami P, Fox MRS & Halstead
JA (1974): Zinc supplementation of malnourished school boys in Iran:
increased growth and other effects. Am. J. Clin. Nutr. 27, 112±121.

Rosado JL, Allen LH, Lopez P & Martinez H (1996): The effect of zinc
and=or iron supplementation on morbidity: a double blind randomized
community trial in Mexican preschoolers. Am. J. Clin. Nutr. 65, 13± 19.

Ruel MT, Rivera J, Brown K, Santizo MC & Lonnerdal lB (1995): The
impact of zinc supplementation on morbidity among young rural
guatemalan children. FASEB J 9, A157 (Abstract 917).

Rowland MGM, Cole TJ & Whitehead RG (1977): A quantitative study
into the role of infection in determining nutritional status in Gambian
village children. Br. J. Nutr. 37, 441± 450.

Roy S, Draser BS & Tomkins AM (1986): The impact of zinc de®ciency on
the intestinal response to cholera toxin (abstract). Proc. Nutr. Soc. 45, 39A.

Roy SK, Behren RH, Haider R, Akramuzzaman SM, Mahalanabis D,
Wahed MA (1992): Impact of zinc supplementation on intestinal
permeability in Bangladeshi children with acute diarrhoea and persistent
diarrhoea syndrome. J. Peadiatr. Gastroenterol. Nutr. 15, 289± 296.

Roy SK, Tomkins AM, Akramuzzaman SM, Behren RH, Haider R,
Mahalanabis D & Fuchs G (1997): Impact of zinc supplementation on
clinical outcome of malnourished Bangladeshi children with acute
diarrhoea. Arch. Dis. Child 77, 196± 200.

Sazawal S, Black RE, Bhan MK, Bhandari N, Sinha A & Jalia S (1995):
Zinc supplementation in young children with acute diarrhoea in India.
N. Engl. J. Med. 292, 879± 882.

Simmer K, Khanum S, Carlsson L & Thompson RPH (1988): Nutritional
rehabilitation in BangladeshÐthe importance of zinc. Am. J. Clin. Nutr.
47, 1036±1040.

Tomkins A (1983): Nutritonal cost of protracted diarrhoea in young
Gambian children. Gut 24, 495A.

Walravens PA, Krebs NF & Hambridge KM (1983): Linear growth of low
income preschool children receiving a zinc supplement. Am. J. Clin.
Nutr. 38, 195± 201.

WHO (1977): Management of cholera and other acute diarrhoea in adults
and children. 26: WHO, Geneva.

Bangladeshi children with acute diarrhoea
SK Roy et al

534


	Impact of zinc supplementation on subsequent growth and morbidity in Bangladeshi children with acute diarrhoe
	Introduction
	Materials and methods
	Population
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


