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Abstract

XA9642966

Persistent diarrhoea (PD) is globally recognized as a major cause of childhood
morbidity and mortality. PD is closely associated with malnutrition and
nutrition rehabilitation especially domiciliary dietary therapy posses a
therapeutic challenge. While there has been success in managing such
children with locally home available traditional diets, there has been concern
with the potential of associated micronutrient especially zinc deficiency. We
are evaluating the impact of zinc supplementation of a traditional rice-lentil
(khitchri) and yogurt diet in malnourished children with PD in randomized
double blind study. In addition to the impact on weight gain, stool output
and body composition, we will evaluate whole body protein kinetics using the
modified CRPprotocol [employing 1sN-glycine, H13C03and 1-13C leucine]. We
will also estimate the effect of coexisting illnesses, especially febrile episodes
on nutritional recovery and protein metabolism.

1.

IMPORTANCE OF PERSISTENT DIARRHOEA AND NUTRITIONAL REHABILITATION

Persistent Diarrhea (PD) has been recognized in recent years as a major cause of
morbidity and mortality in the developing world [1]. While improved management of acute
diarrhea with oral rehydration has led to improved survival, PD is still considered to account
for up to 50% of all mortality associated with diarrheal disorders, with case fatality rates
as high as 14% [2]. The close association between PD and malnutrition is well recognized
and PD has been rightfully considered a nutritional disorder [3]. Nutritional management is
therefore considered a cornerstone for its optimal management.
Although a variety of different dietary formulations have been tried in PD, the optimal
management of PD remains controversial [4]. In general, enteral nutrition is considered
superior to parenteral forms of therapy, with better weight gain and reduction in diarrheal
severity [5]. The types of dietary formulations are of particular importance for much of the
developing world where cost-effectiveness is a crucial factor in diet selection and
compliance of therapy. In addition, it is important to consider factors such as homeavailability, efficacy and cultural acceptability of the dietary formulations.
In a series of studies, we have evaluated the efficacy of a traditional rice-lentil-yogurt
combination (Table I) in children with PD and demonstrated satisfactory tolerance and
nutritional impact in comparison with standard soy formulation [6]. In a randomized
comparison of the traditional rice-lentil (Khitchri) and yogurt diet with soy formula in children
with PD, a significantly better increment in weight gain and reduction of stool output was
demonstrated (Figure 1). Although accumulation of fibre and fluid in the body was a
possibility (Figure 2), the weight gain was considered to be due to increased lean tissue
deposition as demonstrated by a corresponding increment in the mid-arm muscle
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circumference and comparable dynamic skin fold thicknesses in both groups. In subsequent
studies the diet has also been shown to be effective in children with severe protein energy
malnutrition (PEM), although the addition of dilute buffalo milk was associated with higher
rates of treatment failure [7].

TABLE I. MACRONUTRIENT COMPARISON OF STUDY DIET [CONTENTS / 100 g (after
preparation)]
KHITCHIRI

YOGURT

Protein g {% kcal)

3.3(11)

3.1(20)

Fat g (% kcal)

3.1 (24)

4.0 (60)

Carbohydrate g (% kcal)

19.0 (56)

4.0 (20)

Energy k. cal

118

60

2.

FACTORS ASSOCIATED WITH OUTCOME OF NUTRITIONAL THERAPY OF PD AND
THE IMPORTANCE OF COINCIDENTAL INFECTIONS

Of the various prognostic factors in malnourished children receiving enteral nutritional
therapy, young age, severity of diarrhea and coincidental infections were considered of
paramount importance [8,9]. In particular coincidental pyrexia, even in the absence of
systemic bacteremia, was found to be an important determinant of the rate of nutritional
recovery and reduction of diarrheal severity (Figures 3, 4). While the effect of clinical and
subclinical infections on nutritional recovery can be multifactorial, it is likely that anorexia,
reduced caloric intake as well as increased catabolism all play a significant role. In particular,
there has been major interest in the potential role of subclinical infections and
immunostimulation in such children [10]. It is possible that associated systemic infections
may be important determinants of nutritional recovery in children with PD because of the
'diversion' of important nutrients to synthesis of acute phase proteins [11].

3.

IMPORTANCE OF MICRONUTRIENTS ESP. ZINC IN NUTRITIONAL REHABILITATION

In addition to protein-energy-malnutrition, most children with PD have coincidental
micronutrient deficiencies. Of these there has been considerable interest in the role of zinc
deficiency in such children [12]. Zinc has been recognized as an essential nutrient and
component of several metalloenzymes [13] as well as in DNA synthesis [14]. While the
optimal laboratory parameter of zinc status in a population remains unknown, several zinc
supplementation studies have demonstrated a positive impact on intestinal recovery [15],
growth [16] and neurodevelopment [17].
Many studies of feeding traditional diets rich in fiber and phytate to malnourished
children suggest that these may be associated with coincidental micronutrient deficiencies
due to decreased bioavailability. Indeed, our past studies of feeding a traditional K-Y diet in
malnourished children with PD indicated that the weight gain slowed down during the
second week of therapy suggesting the possibility of concomitant micronutrient deficiency
(Figure 5). Recognition of such micronutrient deficiencies may allow for better and effective
nutritional interventions. Studies of zinc supplementation in malnourished children have also
indicated that deficient children may deposit more fat compared to lean body mass, as the
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energy cost of tissue deposition may be high in deficient children [18]. In contrast,
preliminary studies of whole body protein synthesis in malnourished children receiving
supplemental zinc indicate a preferential deposition of protein [19].

4.

HYPOTHESIS

It is hypothesized that malnourished children with PD have protein energy
malnutrition as well as micronutrient (especially zinc) deficiency. Such zinc deficiency may
be an important factor in limiting the rate of nutritional recovery in such children on
standard dietary therapy. It is further hypothesized that in addition to macronutrients,
dietary zinc supplementation in such children may lead to an improved nutritional outcome
and rate of recovery. It is also expected that zinc supplementation may have an
immunomodulatory effect with reduction in the rates of coincidental infections and their
subsequent negative impact on nutritional recovery.

5.

OBJECTIVES
Our proposed study will have the following study objectives:

6.

1.

To study the zinc status, rates of coincidental infections and acute phase
reactants in children with PD and malnutrition;

2.

To study the impact of zinc supplementation of a traditional K-Y diet in
malnourished children with PD on rates of nutritional and diarrheal recovery
in a double blind randomized clinical trial;

3.

To study the impact of dietary zinc supplementation in such children on body
composition, protein accretion rates and whole body protein synthesis using
stable isotopes ('5N-glycine, H'3CO3 and [1-13C] leucine).

STUDY DESIGN
6.1.

Patient selection and randomization

Children aged 6-36 months with PD (diarrhea lasting 14 or more days with growth
faltering) will be eligible for inclusion in the study. After informed consent and baseline
evaluation, these children will be admitted to a metabolic research ward at the National
Institute of Child Health with a research medical officer and nurse in constant attendance.
After an initial period of stabilization and rehydration for <; 24 hours, the children will be
randomized in a double blind fashion to receive a zinc supplement (4 mg/kg/day) or a
placebo in addition to the K-Y diet. The diet will be provided in graded increments to achieve
a caloric intake of at least 100 kcal/kg/day by day 3.
6.2.

Evaluation

Apart from a detailed clinical examination and nutritional history, the following
clinical observations will be made at admission and subsequently as per protocol.
Vital signs (temp, pulse, resp rate)
Hydration status
Nude body weight (pre-feed)
Quantitative stool output

twice daily
twice daily
daily
daily
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Quantitative urine output
Skin fold thickness
Mid arm circumference
Complete blood count
Serum albumin and prealbumin
Plasma zinc
Bioimpedance analysis
Serum retinol & retinol binding protein

daily
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
fortnightly

The bulk of the laboratory investigations will be performed in the Nutrition Research
Laboratory at the Aga Khan University using standard techniques. The estimation of zinc on
plasma specimens will be performed on an atomic absorption spectrophotometer (Perkin
Elmer model 303). This equipment will be available to the investigators though the courtesy
of the Dept. of Pharmacology at AKU.
Following stabilization, the stable isotopes will be administered on Day 3 & 14 as
follows with timed urine and breath sample collections.
In order to estimate protein metabolism, namely, breakdown and oxidation, the
following protocol of stable isotope administration will be followed:

15

Time

Dose

Primary dose

Oh

2 mg/kg

Priming dose
Continuous

Oh

0.1-3 h, q 20 min

0.4 mg/kg
0.40mg/kg/h

N-Glycine

H 13 CO 3

1 13C-Leucine
Priming dose
Continuous
Breath Collection
2-3 h
6-9 h
Blood samples x 3
Urine Collection
0-24 h

3h

3.1-9 h

2 mg/kg
2 mg/kg/h
q 20 min
q 20 min

9h

Comolete

A subgroup of 10 children (5 in each group) will undergo two consecutive metabolic
balance studies between days 3-5 & 12-14 to estimate energy, protein, fat and zinc
accretion.
6.3. Definitions
Persistent Diarrhoea (PD): Since pre-admission weight may not be available, PD will
be defined as three or more watery stool per day for 2 14 days following an acute episode
of diarrhoea with no more than 2 diarrhoea free days which do not occur consecutively.
Cessation of diarrhoea: Achievement of semisolid stool consistency with a stool
output of <. 30 g/kg/day.
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Nutritional Recovery: Weight gain for a consecutive 2 3 days after achievement of
a caloric intake of 100 cal/kg/day.
Clinical Failure: Persistence or development of severe vomiting or diarrhoea
necessitating intravenous fluids for £ 12 hours.

6.4. Outcome variables
The following outcome variables will be studied in both groups and compared:
Stool output (consistency, volume & frequency)
Weight gain
Anthropometric parameters
Recovery rate: Cessation of diarrhoea and nutritional recovery
Plasma zinc levels
Serum retinol binding protein
Serum pre-albumin
Whole body protein synthesis rate
7.

FUTURE STUDIES

Future studies planned by the Department include the following:
1.

An evaluation of metabolic and immune status of growth retarded newborn
infants with serial follow-up and monitoring. Local epidemiologicai data
indicates that these low birth weight infants are at major risk for the
development of morbidity and diarrhoeal illness [20]. There is little data on
protein kinetics and immunostimulation in these children who form almost
25% of all births in Pakistan. We propose to serially follow a birth cohort of
such infants for the first six months with periodic evaluation of clinical
morbidity data, nutritional status, body composition and protein kinetics.
Such information may provide important clues as to potential early and
appropriate nutritional interventions.

2.

An evaluation of multimixes i.e. locally available dietary combinations
providing the optimal macronutrient and micronutrient intake in
immunostimulated malnourished infants and children.
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