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  Micronutrient malnutrition, particularly of Iodine, iron and vitamin A deficiencies, is a major public health problem in developing countries like India. Deficiencies of other micronutrients like zinc, B-complex vitamins and calcium also have been reported. Many studies have shown that micronutrients given singly or in combination have positive influence on growth, psychomotor coordination, mental function and bone health in children. The effect of micronutrient supplementation was however found to vary. The response to supplementation was positive only when more than one nutrient was provided and the population had initial deficits in growth or nutritional status.   

   The hypothesis that supplementation with a micronutrient-fortified beverage improves micronutrient status and physical and mental development even in apparently healthy normal schoolchildren was tested in a study carried out in middle-income students in two residential schools that catered to a semi-urban population near Hyderabad, India. Eight hundred and sixty nine children who were 6-16 Y of age in grades 1 to 10 participated in the study.  As the children from each grade were distributed into two classrooms (clusters) and were homogenous, each grade was considered to consist of a matched pair. Classes in each grade were randomized to receive a micronutrient-enriched beverage or a placebo beverage without added micronutrients and both had wheat flour, malted barley, powdered skim milk and sugar as basic ingredients and appeared and tasted identical. The supplement  provided 100% Codex RDA of iron and vitamins B2, B6, B12, folate and C; 50% of vitamins A, D and B1, and niacin,calcium and iodie; and 15% of Zn   The study was double blind and carried out over 14 month period with supervised feeding. The effect of micronutrients on the outcome variables of growth, biochemical status, mental function, and bone health were assessed.

   The number of matched pairs required statistically varied between 7 and 8 and number of children per group ranged from 32 in the case of bone health to 177 for body weight. The power of the outcome variables ranged from 74 to 100% and was adequate for successful pairing. More than 80% of the children were available for follow up and were considered for analysis. The effect assessed at the end of 14 months supplementation showed that the intervention was beneficial. There was a significant increase in mean increments of height and weight Z scores -0.04 and 0.02 in the supplemented group compared to placebo -0.14 and -0.09, respectively. The mean duration of sickness was shorter (5 d) in the supplemented as compared to placebo (7.5 d).  Mean IQ, verbal, and performance scores and the memory scores or their increments were not significantly different between the groups. The increments in scores of attention-concentration observed in the supplemented group were higher than in the placebo group. 

   The indicators of bone health, body composition, dietary intake and biochemical indicators of nutritional status were studied in a random subgroup of the study children. Increments in fat-free mass, percentage fat, whole body bone mineral content (BMC), whole body bone area and bone mineral density (BMD) at the neck of the femur measured by dual- energy X-ray absorptiometry (DEXA) were significantly higher in the supplemented group than in the control group. The proportion of biochemical inadequacy of nutrients was as much as 100% for folic acid, more than 65% for vitamins B2 and B6 and 55% for vitamin C and A. Prevalence of anemia was 55% with unsatisfactory status of vitamin B12 and D being 40 and 30%, respectively. This was supported by the dietary intake data and the most limiting nutrients were iron, folate, riboflavin, niacin and vitamin A.    Supplementation with micronutrient-enriched beverage showed pronounced change in the status of vitamin A, B2, B12, D and folic acid.  There was a significant suppression in the blood levels of PTH and TSH, reflecting an improvement in calcium (and vitamin D) status and thyroid status, respectively. Such improvements were obviously due to the higher intake of these nutrients in the micronutrient beverage supplemented group. Hemoglobin levels increased only in children who were anemic to start with and received the supplement.

  This is the first study to document the dramatic functional influence of multiple micronutrients on growth and development in children who are clinically normal but suffer from widespread biochemical inadequacy of micronutrients. Positive changes in growth and skeletal development with micronutrient supplementation were reflected in marked increases in height and weight on the one side and increased bone area and fat-free mass on the other. These changes paralleled the favorable changes in the status of calcium and vitamin D and some B vitamins connected with skeletal and neuro-motor function. Improvements in hemoglobin status and blood levels of other micronutrients explain the associated positive impact on attention concentration and reduced duration of illness.

 Thus, by using a double-blind, placebo-controlled, matched- pair, cluster-randomized study, the hypothesis that supplementation with a micronutrient fortified beverage not only improves the micronutrient status but promotes the physical and certain aspects of mental development as well was proved. The results of the study have policy implications stressing the essentiality of providing micronutrients in the supplementary feeding programs that are currently in operation not only in India but also in other countries.                         

