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ABSTRACT 

Weight velocity of 34 Egyptian infants aged two to thirteen months was 

examined before, during, and after 43 diarrheal episodes. The study was conducted 
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in Bolaq EI Dakrour, a poor neighborhood in metropolitan Cairo, during the summer 

of 1990. Weight measurements, food intake, morbidity, and socio-demographic

economic-sanitary data were collected. Diarrhea was reported according to mothers' 

definitions. A local reference population was constructed based on the criteria that: 

infants were from the same neighborhood, of the same age and sex, and were reported 

diarrhea-free when study infants were reported sick. Weight velocity during diarrheal 

episodes was 16 g/d lower than before illness and 15 g/d lower than reference infants. 

One-month post-illness weight velocity was similar to pre-illness weight velocity, with 

no evidence of catch-up growth. Illness severity indices, namely the number of 

symptoms or illnesses experienced, number of stools/day, and presence of blood in 

stool were strong predictors of velocity during and one-month post-illness. 

Breastfeeding had a positive influence on weight velocity during illness. 

Consumption of rice, macaroni and vegetables was negatively associated with weight 

velocity during and one month after illness. Weight gain in the month following the 

episode was positively associated with a higher level of formal education and 

occupation of fathers, negatively with the presence of adults above 50 years of age in 

the household, and a greater age d~fference between the parents. Percent of time sick 

with fever had a negative impact on long-term weight velocity. Thus in this 
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population, the effect of diarrhea on weight gain velocity is transient, catch-up growth 

does not occur, and infants fed solid food suffer the most weight loss. Thus, it is 

possible that effective nutritional intervention will reduce growth faltering. 
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CHAPTER! 

INTRODUCTION 

Infectious diseases, particularly diarrheal diseases, are important determinants of 

children's growth in developing countries. In populations where young children are 

marginally malnourished, frequent episodes of diarrhea and other infections can have 

serious impacts on nutritional status (Martorell et aI., 1975; Mata et aI., 1977a; 

Rowland et aI., 1977; Black et aI., 1984a) and commonly result in growth faltering 

(Mata et aI., 1977a; Martorell et al., 1975; Pereira et al., 1987; Eccles et aI., 1989). 

Diarrheal diseases may precipitate or exacerbate p'rotein energy malnutrition (PEM) 

through three possible mechanisms: increased nutritional requirements; impaired 

intestinal absorption of nutrients during or after enteric infection (Chen, 1983); and 

decreased food intake which may be attributed to infection-induced anorexia or to 

withholding of food during illness or both (Mata et al., 1977). 

The reported magnitude of illness-associated decreases in energy intake ranges 

up to 30-40% in acute illness and early convalescence among hospitalized children 

(Hoyle et aI., 1980; Molla et aI., 1982; Sarker et aI., 1983). In community-based 

studies, Brown et aI. found a smaller caloric reduction of 3-6% in Bangladeshi 

children (1985) and Peruvian infants (1989) four to 36 months of age. Other 

investigators have reported intermediate reductions of 15-20% in energy intake in 

Guatemalan and Bangladeshi infants and children (Martorell et aI., 1980; Pereira et 

aI., 1987; Dickin et aI., 1990). 



The decrease in caloric intake is also associated with reduction in growth. 

Diarrheal diseases have been reported to result in as much as a 50% reduction of the 

expected monthly weight gain in children in the first few years of life (Keusch and 

Scrimshaw, 1986). Weight deficits due to diarrheal diseases reported in various 

studies range between 18 and 102 g/month (Martorell et al., 1975; Rowland et al., 

1977; Bairagi et al., 1987; Zumrawi et al., 1987a; Briend et al., 1989a). 
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Studies estimating the impact of diarrhea on growth have been of both short and 

long duration. The short-term studies (two to three months) examine only a fragment 

of the growth curve; conclusions cannot be drawn from them about long-term effects 

of diarrhea on weight gain. Overestimation of the impact of diarrhea on growth rate 

is likely in these studies because catch-up growth may not take place during the short 

observation period. Studies over longer time periods give a more realistic picture of 

the relationship between diarrhea and growth. However, longer duration studies must 

then deal with the confounding variables of repeated diarrheal episodes and their 

cumulative effect impact on growth (Briend, 1990). 

In general, short-term studies have demonstrated that diarrheal episodes reduce 

food intake and result in deficits in weight gain during the acute illness and in the 

immediate recovery period. Long-term studies have usually shown no effect of 

diarrhea on growth except when morbidity is very high and food quality or 

availability is limited. 

Diarrheal disease control programs have focused primarily on improving 

diarrheal disease management through the use of promotion of oral rehydration 
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solution. Dietary management has been relatively neglected. The development of 

specific nutritional recommendations requires further studies investigating post

diarrheal weight changes, catch-up growth, the nature of local diets, and child feeding 

practices. 

The prevalence of malnutrition in Egyptian children (urban and rural), 

manifested as stunted growth, ranges between 20-30% (Janson, 1985). The infant 

mortality rate in 1988 was reported to be 92 per 1000, with diarrheal diseases 

contributing 47% of total infant mortality (CAPMAS, 1988). Mortality exhibits a 

seasonal peak during July and August which coincides with the morbidity peak for 

diarrhea. 

In a longitudinal study in a Delta village, diarrhea accounted for 25 % of all 

illnesses in infants under six months of age (Galal et aI., 1987) and 34.6% of all 

illnesses in toddlers 18 to 30 months of age (Zaghloul, 1989). Over one calendar 

year, the mean number of diarrheal illness episodes per toddler was 6.7 (±3.6), the 

mean duration was 4.3 days (±2.2), and the mean percent of days ill with diarrheal 

diseases was 9.5 (±6.4) (Zaghloul, 1989). 

The aim of the present research was to determine the impact of diarrheal 

episodes and food intake on weight gain in Egyptian infants over both short-term 

periods (one month) and long-term periods (six munihs), using a multiple regression 

model for weight velocity. The research objectives were: 

1. To assess post-diarrheal weight velocity deviation from usual in Egyptian infants 

over a short period of follow-up. 



2. To investigate the possibilities of compensation for weight loss over a longer 

period of follow-up. 

3. To explore the relationship between food intake and post-diarrheal weight 

velocity. 

4. To predict post-diarrheal weight velocity from sanitary, demographic and 

morbidity indices. 
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GROWfH 

CHAPTER 2 

REVIEW OF LITERA TORE 

Growth is a complex process that includes increased number and size of cells, 

alterations of body composition, and accretion of tissue and organs. An important 

feature of growth is the wide variation in growth rates which occurs in different, 

normal individuals. Even within one individual, growth rates can vary over short 

periods resulting in growth "spurts". The most rapid periods of postnatal growth are 

during the first year of life and adolescence. 
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The first few months of postnatal life are characterized by very rapid growth in 

weight and length. In a normal child the measurements of stature and weight increase 

with age while the velocity of growth decreases with age; it is highest immediately 

after birth and slows down with increasing age (Keller, 1991). At birth, a full-term 

newborn weighs on the average about 3.4 kg (7.5 lb), with a range of about 2.7 to 4.5 

kg (roughly 6 to 10 Ib). Immediately after birth, the diminished intake of fluid leads 

to a transient loss of about 5 % of the birth weight; this loss is usually compensated 

within ten days. As a rough guide, the birth weight is doubled by four to five months 

of age, tripled within the first year, and quadrupled by the end of the second year of 

life (Sinclair, 1989). The weight gain during infancy proceeds at a rapid but 

decelerating rate. Average weight gains are 20 to 25 g/day for the first four months, 

and 15 g/day during the last eight months (Pipes, 1988). In a Finnish study, the 
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weight velocity fell from 10.3 kg/year between birth and three months of age to 3.4 

kg/year in the 9- to 12-month interval in boys. The weight velocity in girls was 13 % 

less than their weight velocity from birth to three months of age. No sex difference 

was apparent in the final 9- to 12-month interval (Johnston, 1986). 

Various factors, genetic and environmental, interact and affect the physiological 

process of growth. Genetic influences, such as ethnicity, can influence growth; but 

environmental influences, particularly nutrition and infection, are major determinants 

of growth patterns in infants and children. 

Harrison and Zaghloul (1991) reviewed anthropometric studies on children in the 

U.S. and reported demonstrable differences in the distribution of heights and weight

for-height among children of different ethnic and racial groups. Asian children are 

short-for-age relative to national standards, and a relatively large proportion of 

Hispanic and Native American children are heavy-for-height. Prevalence of height

for-age below the 5th percentile is higher among Black infants under one year of age, 

Hispanic children under one to two years of age, and Asian children older than one 

year. There is a lower than expected prevalence of low weight-for-height in all 

subgroups. The prevalence of high weight-for-height (above 95th percentile of the 

NCHS reference population) is higher among Black, Hispanic, and Native American 

children than White or Asian children. Ethnicity can also have an impact on growth 

as well as the usual upward progression of growth rates and sizes of children which 

occurs with improved standards of living and health. 
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Optimal nutrition is fundamental for growth; so much so that infant feeding 

practices and the composition of milk fed to infants strongly influence patterns of 

growth. Growth, in fact, is a measurable index of nutritional status, which can be 

discussed in relation to the attained sizes of children and to the rates and patterns 

which precede their attained sizes at given ages. There is an impressive series of 

figures which show that children are growing faster now than formerly. Sugarman et 

al. (1990) studied school-aged Navajo children in 1989, twenty years after a survey 

was done in the same area, and documented increases in stature-for-age and weight

for-age for both sexes. Data from the Centers for Disease Control Pediatric Nutrition 

Surveillance System (GAO, 1990) show increasing height-for-age and decreasing 

prevalence of low height-for-age in Asian-American children between 1981 and 1989. 

In contrast, infections, especially diarrheal diseases, adversely affect patterns of 

growth in children (Gracey, 1991). Growth is retarded by diarrhea, with more 

frequent illness resulting in more severe weight deficits (Martorell et aI., 1975). 

Malnutrition in children in developing countries has repeatedly been linked with 

diarrheal illness, but the well-documented synergism of nutrition and infection 

(Scrimshaw, 1968) is so complex that the adverse nutritional impact of repeated 

infections cannot be neatly separated from the impact of undernutrition itself. Post

infection catch-up growth has not often been considered in interpreting the 

relationship. Catch-up growth can occur during phases of dietary and nutritional 

recovery in absence of infection and in presence of food availability. 
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MALNUTRITION, DIARRHEA, GROWfH, AND MORBIDITY 

Prevalence of Malnutrition. In developing countries, protein-energy malnutrition 

(PEM) is the most important nutritional disease because of its high prevalence and its 

relationship with child mortality rates, impaired physical growth, and inadequate 

social and economic development. PEM has been classified in multiple ways: 

(1) according to the intensity of the disease (mild, moderate, and severe); (2) duration 

(acute, chronic, or both); (3) the predominant nutrient deficiency (energy, protein, or 

both) (TonIn and Viteri, 1987); and (4) type of growth failure as "wasting" for a 

deficit in weight-for-height, "stunting" for a deficit in height-for-age, and 

"underweight" for a deficit in weight-for-age (Waterlow, 1976). 

PEM can result from insufficient food intake or from the ingestion of foods with 

protein of poor nutritional qUality. Other mechanisms leading to malnutrition are: 

impaired intestinal absorption; absolute metabolic losses of nutrients from body 

stores; and internal diversion of nutrients to various synthetic pathways associated 

with immune response and tissue repair (Keusch and Scrimshaw, 1986). Social, 

economic, biologic, and environmental factors are underlying causes of PEM. 

Inadequate intakes are often linked to conditions such as poverty, ignorance, low food 

availability, or traditions and beliefs. Harrison (1991) pointed out that inadequate 

mothering resulting from chronic maternal illness, death, drug abuse, and family 

dysfunction (as in homelessness or absence of a supportive family network), puts 

infants and children at severe risk of food insecurity, dietary inadequacy, and 

malnutrition. 
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The global magnitude of PEM is difficult to estimate with precision because mild 

and moderate malnutrition is usually not recorded. The World Health Organization 

estimates that around 300 million children have growth retardation related to 

malnutrition. It has been estimated that 100 million children under four years of age 

suffer from moderate or severe malnutrition (Tonln and Viteri, 19R7). 

Haaga et al. (1985) analyzed anthropometric data sets from 22 countries over the 

period 1975-1982 using the number of children under 80% of median weight-for-age 

based on the National Center of Health Statistics (NCHS)/World Health Organization 

(WHO) reference standards in order to estimate the prevalence of malnutrition. For 

all developing countries, 39% of preschool aged children in 1980 were estimated to 

be below 80% of the WHO reference weight-for-age. This corresponded to 141 

million children. More than half (59 %) of these malnourished children lived in 

Southeast Asia, reflecting not only the poor nutritional status but also the large size of 

the child population in this region. The African and Eastern Mediterranean regions 

were roughly equal behind Southeast Asia in terms of percentage (35 %) and numbers 

(18 and 20 million) of underweight children. The Americas and the Western Pacific 

region were estimated to have lower percentages of underweight children (21-23%) 

than African and Asian developing countries (Haaga et al., 1985). Despite the 

difficulty in estimating the magnitude of malnutrition, it is still clear that preschool 

children in developing countries who are suffering from malnutrition experience 

growth limitations invariably associated with varying degrees of impairment of mental 

development. A community with a considerable portion of malnourished people 



usually has a high level of child morbidity and a high rate of dropouts from school, 

resulting in an enormous financial impact on the community. 
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Prevalence of Diarrhea. Diarrhea is characterized by an increase in frequency, 

fluidity, and volume of feces (Feign and Stoller, 1987). The World Health 

Organization (WHO) defined diarrhea as three or more motions of loose or watery 

stool per day (WHO, 1986). Such bowel movements indicate extensive losses of fluid 

and electrolytes. Diarrhea is most common between six months and three years of 

age. If diarrhea continues without treatment, infants can quickly become dehydrated 

and malnourished and can sometimes die. The smaller and younger the child, the 

more drastic are the effects of diarrhea and the rapid loss of water and salts. Diarrhea 

can be characterized by several epidemiological variables: incidence, prevalence, 

duration, degree of dehydration, and severity. 

The etiological agents which cause diarrhea have different pathogenesis, 

transmission, and host defense mechanisms (Henry et aI., 1987). Diarrhea can be 

classified as infectious and non-infectious. Pathophysiologically, the infectious 

pathogens produce diarrhea by: (a) increased secretion of fluid and electrolytes, e.g. 

vibrio cholerae, enterotoxigenic Escherichia choli, Salmonella; (b) decreased 

digestion and absorption, e.g. Rotavirus, Giardia muris, Helminths; or (c) disordered 

transit, e.g. Shigella, Salmonella, Clostridium difficile (O'Loughlin et al., 1991). 

Therefore, it seems essential to clearly delineate the factors in any relationship 

between malnutrition and diarrhea, because of the multifactorial causes of diarrhea 

and malnutrition. 
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Diarrheal diseases are a major cause of death in developing countries. Out of 14 

million child deaths per year, five million are from diarrheal diseases; undernutrition 

is also a contributing cause in one-third of these five million deaths (UNICEF, 1991). 

Guerrant (1986) reported that in developing countries, 7% of the children die from 

diarrhea in their first five years of life; in other terms, 12,600 children die each day in 

these areas from diarrhea because of the multifactorial causes of either diarrhea or 

malnutrition. 

Longitudinal studies have indicated that children in developing countries may 

have 3 to 10 episodes of diarrhea per year during their first five years of life (or a 

total of 15 to 50 episodes), each lasting on average 4 to 6 days (Kirkwood, 1990). 

The incidence of diarrhea peaks between the ages of 6 and 36 months, with an annual 

rate ranging between 2 and 12 episodes. 

The world population in 1980 was estimated at 4.4 billion. Children under five 

years of age were estimated at 559 million, of which 474 million (85 %) lived in 

developing countries and experienced 1,422 million (94.4 %) episodes of diarrhea 

annually. More than half of these preschool children lived in Asia and experienced 

66 % of the 1,422 million diarrheal episodes. Children in more developed countries, 

on the other hand, experienced only 5.6% (85 million) of these diarrheal episodes 

(Chen, 1983). 

Glass et al. (1991) estimated that diarrheal morbidity for children in the U.S. 

under five years of age ranges from 21.5 to 38 million episodes per year for mild 

diarrhea, with an average annual rate of 1.3 to 2.3 episodes per child per year. The 



number of moderate diarrheal episodes per child during the first five years of life, 

estimated by the number of visits made to the physician, was roughly 0.6 to 1.1. 

About 1.4 % of children younger than five years of age require hospitalization 

annually, and about 325 to 425 children die each year of diarrhea (about 1115,000 

born). 

2S 

Conclusion. Diarrheal diseases and malnutrition are both common in 

children of developing nations and are together responsible for much of the morbidity 

and mortality in children under five years of age. Children in developing countries 

experience more frequent and longer duration of diarrheal episodes than those in 

richer circumstances. Diarrhea is seasonal in many places and is most prevalent in 

infants and younger children. Malnutrition not only directly affects growth, it also 

complicates diarrheal episodes. A reciprocal relationship between the two conditions 

has been established wherein malnutrition predisposes to diarrhea and diarrhea 

aggravates malnutrition (Scrimshaw et al., 1968). In the next sections, the 

interrelationship of malnutrition and diarrhea will be discussed. 

NUfRlTIONAL STATUS AND RISK OF DIARRHEA 

Malnutrition may predispose to increased incidence of childhood diarrhea by 

several mechanisms, including decreased gastric acidity (Cash et al., 1974), reduced 

turnover rate of mucosal cells (Palmar et al., 1976), lowered gut motility (Du Pont, 

1976), and depressed cell-mediated immunity (Chandra and Newberne, 1977). A 

number of studies have investigated whether malnourished children are more often ill 
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with diarrhea and whether these infections are more severe in malnourished than in 

well-nourished children. To study the synergistic relationship between diarrhea and 

malnutrition, the prevalence of diarrhea and malnutrition in the community and their 

quantitative effect on growth must first be identified; then causality can be studied. 

The difficulty in studying this relationship is that both diarrhea and malnutrition are 

cause and consequence of each other. Conflicting results have been reported on the 

interaction of malnutrition and diarrhea, and these wiII be discussed in this section. 

Numerous studies in developing countries (South America, Asia, and Africa) suggest 

increased risk of diarrhea in malnourished compared to well-nourished children. The 

specific effects on risk of diarrhea appear related to the type of malnutrition in terms 

of stunting, wasting or stunting, and wasting. Stunted children tend to have longer 

duration of diarrheal episodes, while the incidence of diarrhea is higher in wasted and 

underweight children. 

Cross-sectional anthropometric and diarrhea-morbidity data on 7,410 Salvadoran 

preschool children aged 6 to 59 months were collected by Stetler et al. (1981) in two 

seasons: the season of low reported malnutrition (January-March), and the season of 

high reported malnutrition (July-September). A child was considered to have diarrhea 

if the guardian or parent reported the child having four or more watery stools per day 

at any time during the preceding seven days. The prevalence of diarrhea was lower 

(p < 0.05) in the January-March season than in July-September. The prevalence of 

diarrhea during the two seasons were: in stunted children (height-for-age below the 

90th percentile of medinn reference), 21.3% and 26.3% respectively; in wasted 



children (weight-for-height below the 90th percentile of median reference), 28.9% 

and 38.7% respectively; and in children who were both wasted and stunted, 34.2% 

and 48.7% respectively. A strong association (p<0.001) was observed between 

reported diarrhea and combined wasting and stunting when compared to normal 

children who had a prevalence of diarrhea of 21.4 % and 28.1 % respectively in the 

surveys. Increased diarrhea reporting was also observed in wasted children 
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(p < 0.02). No increased diarrhea reporting was observed when children were stunted 

only. 

In a study in Guatemala by Delgado et al. (1983), the incidence of both simple 

diarrhea and diarrhea with blood and mucous were significantly greater in 

underweight and wasted children under two years of age, in comparison to their well

nourished counterparts. Stunting was not related to incidence of diarrhea, but the 

incidence and percent of time ill with diarrhea with blood and mucous were 

consistently higher in stunted children than in their well-nourished counterparts~ 

These associations were particularly evident during the rainy season. In Mexico, 284 

children below two years of age were followed for one year (Sepulveda et al., 1988), 

with weekly morbidity and anthropometric measurements at baseline and every three 

months. Age and season, independent of nutritional status, were strongly associated 

with incidence of diarrhea, with greater incidence from 0 to 11 months of age and 

during the summer season. Weight-for-age was a strong predictor of the incidence of 

diarrhea, which ranged from 3.3 to 6 episodes per year. The relative risk of diarrhea 

was 80% higher in moderately underweight children and 70% higher in wasted 
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children than in normal children. Mildly underweight children experienced a risk of 

diarrhea approximately 60% greater than those with normal nutritional status. The 

elevated risk persisted after control for socioeconomic and demographic variables 

(maternal age, number of rooms). History of diarrhea also predicted diarrhea in 

underweight children. Without diarrhea in the preceding quarter, the risk of two or 

more episodes of diarrhea for moderately malnourished children was similar to the 

risk for normal children. The relative risk increased to 2.1 with one diarrheal episode 

in the preceding quarter, and to 2.9 with two or more episodes in the preceding 

quarter (Sepulveda et al., 1988). 

The relative risk of diarrhea in 445 Sudanese children under five years of age 

was 1.7 for children with weight-for-age below 90% of the reference median relative 

to well-nourished children, if diarrhea was present in the preceding two-month 

interval. In the absence of diarrhea in the preceding period, the relative risk was 1.2 

for underweight children and 1.4 for stunted children (height-for-age below 95 % of 

expected). A model that included the nutritional indicator, age, sex, having a deep-pit 

latrine, refrigerator, farmer parents, rainy season, and diarrhea in preceding interval 

showed that more diarrhea occurred among children with height-for-age less than 

90 % relative to normal children. The risk of diarrhea decreased by 5 % for each 

month of age, and was less frequent among girls than boys, among children from 

homes with deep-pit latrines compared with those from homes with shallow-pit 

latrines, and among children from homes with refrigerators relative to those without. 

Children whose fathers were farmers experienced more diarrhea than those whose 



fathers were non-farmers. Diarrhea incidence increased five-fold during the rainy 

season and two-fold during winter, relative to the hot dry season. Children who 

experienced diarrhea in the preceding interval had almost three-fold the incidence of 

diarrhea when compared to children without diarrhea in the preceding interval (EI

Samani et al., 1988). In contrast to the results of studies discussed above that found 

effects of malnutrition on risk of diarrhea, other studies have not found such an 

interaction. Chen et al. (1981) and Bairagi et al. (1987) working in Matlab, a rural 

area in Bangladesh, reported no association between weight-for-age and diarrheal 

incidence. Chen et al. (1981) studied two groups of Bangladeshi children. The first 

group of 12- to 23-month old children (n=2019) was measured at the beginning of a 

two-year period. There was no association between risk of hospitalization for 

treatment of diarrheal diseases and initial weight-for-age, height-for-age, or weight

for-height. Anthropometry and morbidity surveillance data from the other group of 

207 children below the age of five years showed no association between weight-for

age and diarrheal incidence rate. There was no relation between weight gain in the 

preceding month and subsequent incidence of diarrhea. 
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Marthur et al. (1985), in a cohort of 721 Indian children under five years of age, 

also showed no association between weight gain in the preceding month or 

malnutrition (defined according to the Gomez classification and according to weight

for-height) and subsequent incidence of diarrhea. Dehydration, however, was 

reported to be more severe in the malnourished group (p < 0.05). They concluded 

that malnutrition had no correlation with the duration of diarrheal episodes but 



affected their severity. Associated symptoms like fever, vomiting, and respiratory 

infections did not differ among nutritional categories, but the incidence of severe 

episodes (not clearly defined) was higher in children with grade III malnutrition. 

In summary, the existing literature is not consistent regarding the relationship 

between malnutrition and subsequent incidence of diarrhea. Seasonality, age of 

children, and preceding diarrhea are associated with an increased incidence of 

diarrhea. Severity of diarrheal episodes, type of diarrhea (simple versus bloody 

diarrhea), socio-demographic variables, and sanitary environment have not been 

consistently addressed. Thus, the relationship between malnutrition and diarrhea 

incidence remains to be determined. 
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Many studies have investigated the effect of malnutrition on the incidence and 

duration of subsequent diarrheal episodes. Tomkins (1981) reported that 343 

Nigerian children aged 6 to 32 months had 1.4 attacks of diarrhea per child and spent 

10.5 % of their time with diarrhea during the three rainy months of follow-up. 

Wasted children (defined as less than 80% of median weight-for-height) had a higher 

incidence (47 %) of diarrheal episodes than well-nourished children. Pre-existing 

malnutrition also affected the duration of diarrheal episodes; episodes lasted 33 % 

longer in underweight children, 37 % longer in stunted children, and 79 % longer in 

wasted children than in well-nourished children. 

Chowdhury et al. (1990) investigated the effect of malnutrition, previous 

diarrheal episodes, and socioeconomic variables on attack rates and episode duration. 

Bangladeshi children aged 6 to 60 months were followed from March to December 
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1976. The period of follow-up was divided into three periods. The first two-month 

period (March-April), diarrhea-morbidity data were used as a baseline. The 

remaining months were used to investigate malnutrition-diarrhea interactions over the 

short- (May-June) and long- (May-December) terms. Weight-for-age was taken once, 

in April. The two socioeconomic variables used for multivariate analysis were: 

(1) the area of family dwelling space, and (2) the education of the mother. The 

results provided strong evidence that the mean number of episodes and number of 

illness days among children with diarrhea in the baseline period were more than twice 

as large as those for children without diarrhea in the baseline period. Children with 

higher weight-for-age during the short-term tended to have fewer episodes and illness 

days; however, the difference was not statistically significant. In the long-term 

period, nutritional status, mothers' education, nor size of the family dwelling had 

significant impacts on attack rate or illness duration. Black et al. (1984b) studied 177 

Bangladeshi children aged 2 to 24 months. Children were prospectively evaluated for 

the etiology, incidence and duration of diarrheal attacks over a 60-day period. 

Weight-for-height affected duration, but not incidence, of episodes; those associated 

with enterotoxigenic Escherichia coli and Shigella averaged 56% longer in children 

below 80% of the standard weight-for-height compared to those above 90% of 

standard, with a dose-effect relationship. The investigators concluded that 

malnutrition was associated with longer episode duration, an increase from an average 

7.1 to 10.3 days, but not with incidence of diarrhea. These analyses have been 

criticized, however, by EI-Samani et al. (1988) for treating repeated measures on 
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children as independent observations, for stratification of the children by only two age 

groups (older than age two years and younger than age two years), and for lack of 

adjustment for other predictors of diarrhea. 

Henry et al. (1987) found no relation between nutritional indicators and 

incidence of diarrhea or dysentery within 60 days after anthropometric assessments 

were made in a cohort of 300 Bangladeshi children aged 5 to 24 months. Duration of 

watery diarrhea was not related to any of the nutritional indicators; however, 

dysentery episodes were significantly longer in severely underweight and stunted 

children. Height-for-age was the strongest predictor of the length of a dysentery 

episode. 

In summary, all short-term studies ranging between 30 and 60 days reported 

longer duration of diarrheal episodes in malnourished children and suggested no 

relation between diarrheal incidence and malnutrition except for Tomkins, who found 

a 47% increase in diarrheal incidence in wasted Nigerian children. However, the 

9-month studies by Bairagi et al. (1987) and Chowdhury et al. (1990) reported no 

long-term effect of malnutrition on the incidence of diarrhea. The former study 

reported increased duration in both long- and short-term analyses. In contrast, the 

latter reported that well-nourished children in short-term periods (60 days) have less 

incidence of diarrhea. They also reported that previous diarrhea increased the 

incidence and duration of subsequent diarrheal episodes (diarrhea-diarrhea 

relationship). They pointed out the diarrhea-diarrhea relationship as an indirect cause 

of malnutrition. 
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In conclusion, several large studies support an association of nutritional status 

with greater incidence of infection (Stetler et aI., 1981; Delgado et al., 1983; 

Sepulveda et al., 1988; El-Samani et al., 1988; Chowdhury et al., 1990) as shown in 

Table 1. Other studies (Tomkins et al., 1981; Black et al., 1984; Henry et al., 1987; 

and Bairagi et al., 1987) have found poor nutrition to be associated with longer 

duration of diarrheal episodes, but not with increased incidence. Marthur et al. 

(1985) reported that malnutrition did not influence either the incidence or the duration 

of diarrheal episodes. 

These inconsistent results can be explained by the short period of follow-up in 

most studies (typically two to three months), e.g. Tomkins (1981), Stetler et al. 

(1981), Black et al. (1984b), and Henry et al. (1987), or by lack of control for 

potentially confounding variables such as socioeconomic status, sanitary environment, 

and previous morbidity history. Only EI Samani et al. (1988) and Sepulveda et al. 

(1988) controlled for these confounding variables. Age, season, and previous 

infections are associated with greater incidence of diarrhea; household sanitation, 

parents' occupation, and child's sex (girls) are associated with less diarrheal 

incidence. 



Table 1 
Summary of studies investigating the relationship between malnutrition and diarrhea 

Population Study 
Author Site Sample Age (years) Duration Major Findings 

Chen et Bangladesh 2,019 <S 2 years No relation to preceding weight gain. 
al., 1981 207 

Stetler et El Salvador 7,410 O.5-S Cross-sectional In stunted and wasted - t incidence 
al., 1981 (p< .001). In wasted - t incidence. 

Seasonal (J ul y-September). 

Tomkins, 1981 Nigeria 343 0.S-2.7 3 months In wasted children, increased incidence, 
duration, and percent time i11 with 
diarrhea. 

Delgado Guatemala 289 <2 1 year In simple diarrhea, undernutrition - t 
et al., 1983 incidence (p<O.OS); wasting - t 

incidence (p < O.OS). In diarrhea with 
blood, stunted - t incidence and 
percent time ill (p<O.OS). Seasonal 
(April-June). 

Black et Bangladesh 177 0.2-2 2 months No relation to longer duration in 
al., 1984b malnourished children. 

Marthur et India 721 <S 1 year No relation to incidence; no effect to 
al., 1985 preceding weight gain. 

w 
~ 



Table 1 (cont'd) 

Population Study 
Author Site SamQle Age (~ears) Duration Major Findings 

Bairagi et Bangladesh 1,000 1-4 9 months Short- and long-term analyses; no 
al., 1987 relations to incidence; longer duration in 

malnourished children. 

Henry et Bangladesh 300 0.4-2 2 months No relation to incidence; dysentery lasts 
al., 1987 longer in underweight and stunted 

children. 

El Samani Sudan 445 <5 1 year RR of diarrhea is 1.2 in underweight 
et al., 1988 children without previous diarrhea; 1.7 

when previous diarrhea; 1.4 when 
stunted. Seasonality (June-September). 
Socio-demographic variables controlled. 

Sepulveda Mexico 284 <2 1 year RR of diarrhea 60% higher in under-
et al., 1988 weight; 70% in wasted; 2.9 times higher 

in presence of more than two preceding 
diarrheal episodes. Socio-demographic 
variables controlled. 

Chowdhury Bangladesh 1,262 0.5-5 9 months Increased incidence and duration in 
et al., 1990 children previous illness; no effect on 

long-term analysis; short-term analysis 
showed decreased incidence in 
undernourished. 

I.o.l 
VI 
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Another observation is that malnutrition has not been associated with increased 

incidence of diarrhea in studies conducted in Asia, where the infant mortality rate 

from diarrhea is the highest and environmental contamination is overwhelmingly 

heavy. In these environments, the predominant effect of malnutrition may be to 

increase illness duration and mortality rather than its incidence. The type and number 

of pathogens may also influence these apparent regional differences. 

The literature is more consistent in supporting an association of malnutrition and 

percent of time ill with diarrhea and duration of diarrheal episodes (Tomkins, 1981; 

Delgado et al., 1983; Black et al., 1984b; Sepulveda et al., 1988; EI Samani et al., 

1988; Chowdhury et al., 1990). Although not all studies agree, weight-for-height 

tends to be a stronger predictor of future illness than height-for-age. 

DIARRHEA AND RISK OF MALNUTRmON 

Diarrheal diseases are major contributing and precipitating factors in PEM 

(Torun and Viteri, 1987). Theoretically, to be able to conclude that diarrhea 

precipitates malnutrition in a community, longitudinal data on well-nourished children 

would have to show deterioration in nutritional status after each episode of diarrhea, 

incomplete recovery between attacks, and malnutrition diagnosed at the end of a 

follow-up period. Many studies reviewed have established a qualitative association 

between individual diseases (e.g. measles, diarrhea, and bronchopneumonia) and the 

appearance of clinical signs of PEM. Few studies, however, have attempted to 

estimate the magnitude of the combined impact of illness in general, and diarrhea 
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specifically, and feeding during illness on physical growth as an assessment of 

nutritional status. Few studies have estimated the quantitative effect of different 

infections on growth or other nutritional indices. Studies comparing growth of well to 

sick children show marked weight changes in contrast to studies that compared 

children's growth to reference standards. Also, community-based studies report 

different results than hospital-based studies, which expectedly dealt with severely sick 

children. Types of illness, severity of illness, ages of children, and the pre-iII ness 

. 
nutritional status are confounding factors contributing to the differences in children's 

weight changes among studies. 

Longitudinal studies have reported qualitative and quantitative effects of illness 

generally, and diarrhea specifically, on growth. Mata (1980), in a ten-year period 

observational study, compared Mayan Indians in rural Guatemala and Guaymi Indians 

in Costa Rica, both of whom consumed a diet similar in quality and inadequate by 

accepted standards in energy and protein. Infantile malnutrition was common among 

the Mayan but not the Guaymi. The major ecologic difference between the two 

popUlations was the high frequency of infection in the Mayan children, who were 

clinically infected at least 50% of the time from age six months to three years. In 

contrast, the relative isolation of the Guaymi restricted the introduction and 

transmission of infection, and the children grew well on marginal or suboptimal diets. 

In four rural Guatemalan villages, children who were relatively free from 

diarrhea from birth to seven years of age grew significantly better than children who 

were heavily burdened with morbidity. The difference in growth at seven years of 
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age between both groups was 3.5 cm in height and 1.5 kg in weight (Martorell et al., 

1980). 

In a study conducted in Brazil, Schorling et al. (1990) reported that diarrhea 

prevented catch-up growth in malnourished children and that recurring diarrhea 

blocked the catch-up that normally follows diarrheal illness. These results suggested 

that diarrheal diseases, especially repeated attacks, falter infants' growth permanently. 

Data from hospitalized Brazilian children (n=5914) under five years of age who 

were admitted to the hospital for reasons other than diarrhea showed a yearly gain of 

300 g greater than for those who had been admitted because of diarrhea. There was a 

small, but highly significant, monthly reduction of approximately 10 g in weight 

velocity for children admitted because of pneumonia. This strong association between 

admissions and weight changes were present in the first two years of life (Victora et 

al., 1990). 

Bias due to non-comparability of the groups was solved in some studies by the 

use of each child as his/her own control. Examination of growth curves of individual 

children demonstrated frequent weight loss during or after disease episodes. Weight 

loss and height arrest were found concomitant with diarrheal diseases, measles, 

whooping cough, and acute respiratory illnesses. Mata and associates (1977) stated 

that weight loss was observed at all ages, but was not more accentuated among 

children under four years of age. Diarrhea, measles, and Whooping cough induced 

marked nutritional damage in well-nourished individuals and marked alterations in 

pre-existing degree of depletion. Weight loss in well-nourished children was 



39 

equivalent to 2-4 % of their body weight and 5 % or more in 23 % of children who had 

an initial weight deficit of 10-24 %. This study emphasized the importance of diarrhea 

and other infectious diseases not only in terms of impairment of physical growth but 

also in terms of induced deficit in food intake. For weeks in which dietary and 

morbidity data were available, morbidity and energy intake were inversely correlated 

while morbidity and protein intake were less markedly so. The correlation 

coefficients for diarrhea in the second year of life were -0.38 (p=0.02) for caloric 

intake and -0.32 (p=0.04) for protein intake. No significant correlations were 

observed between intake and morbidity in the first and third years of life. 

Other studies that have analyzed the effect of diarrhea over short as well as long 

time periods have shown marked weight loss over acute periods of one to three 

months post-diarrhea but almost negligible effects over longer periods of 6 to 12 

months (Table 2). Four studies conducted in Bangladesh differed in the level of 

analysis, the questions addressed, and the effect of diarrhea on growth. Two studies 

examined the post-illness weight changes over two, eight, and twelve months (see 

Table 2). Both studies demonstrated a profound effect of diarrhea on weight gain 

(56 g/100 days) over the 60-day period, but there was a negligible effect on long-term 

anal ysis (Black et al., 1984a; Bairagi et al., 1987). 

In the third study, Briend et al. (1989) examined growth changes in relation to 

the prevalence of diarrhea, type of diarrhea, and timing of diarrhea in regards to the 

period of follow-up. Growth was slower (31 g/month) in three-month intervals with 

diarrhea than in intervals without diarrhea, although average weight gain during 



Table 2 
Summary of studies investigating the effect of diarrhea on malnutrition 

Population Study 
Author Site Sample Age (years) Duration Major Findings 

Rowland et Gambia 152 0.5-3 1 month Weight gain of -746 g and height gain of 
al., 1977 -4.2 mm were accompanied with 

increased prevalence of diarrhea. 

Black et al., Bangladesh 177 0.2-2 1 year Weight gain reduced by 33 % in 
1984a two-month intervals with high prevalence 

of diarrhea. No relation between 
diarrhea and weight gain over 12-month 
interval. Effect of dysentery visible only 
on height gain. 

Bairagi et Bangladesh 1,000 1-4 8 months Incidence of diarrhea higher in younger 
al., 1987 age group than in older. Infants with 

more than 10% of days with diarrhea had 
reduced weight gain by 56 g/l00 days. 
No effect on weight or height gain after 
eighth month of follow-up. 

Pereira et India 33 <5 1 year Average height and weight gain was 
al., 1987 6.58+ 1.76 cm and 1.2±1.04 kg 

respectively. Children were 0.7 kg 
lighter and 0.72 cm shorter than 
reference population. .:.. 

0 



Table 2 (Cont'd) 

Population Study 
Author Site Sample Age (years) Duration Major Findings 

Zumrawi et Sudan 439 <1 1 year Weight deficit of 32 g per day ill with 
al., 1987a diarrhea. Previous diarrhea reduced gain 

by 50%. Poorly growing infants 
experienced 2-3 times more diarrhea than 
well infants. 

Briend et al., Bangladesh 230 0.5-2.9 2-4 months Slower growth in three-month intervals 
1989b with diarrhea (31 g/month) than in 

intervals without diarrhea. Intervals with 
more than 10 days of diarrhea have a 
55 g/month decrease in weight gain. 
More decrease in weight gain was 
observed in cases with watery diarrhea. 

Lopez de Bangladesh 153 0-1 1 year Dietary intake was a more important 
Romana et al. , determinant of relative growth patterns 
1989 than specific infection. 

Moy et al., Zimbabwe 148 <1 2 years No difference in weight or height in 
1990 infants with high versus low frequency of 

diarrhea. 

~ 



Author 

Schorling et 
al., 1990 

Becker et al., 
1991 

Site 

Brazil 

Bangladesh 

Table 2 (Cont'd) 

Population Study 
Sample Age (vears) Duration Maior Findings 

60 <5 

70 0.4-1.5 

2 years 

14 months 

Difference in monthly weight gain 
between periods with less than 30% days 
and more than 30% days with diarrhea 
(55 g/month) was significantly different 
(p < .05). Diarrhea prevalence and prior 
weight were significantly inversely 
associated with bimonthly weight gain. 

Average monthly weight gain was 
negatively correlated with percent days 
ill with fever and diarrhea and positively 
correlated with energy intake per 
kg/body weight. The median average 
weight increment was 127 g/month. 

"'" tv 
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intervals without diarrhea was only 74.5 % of NCHS median. Differences in weight 

gain were more pronounced in cases of watery diarrhea than other types of diarrhea. 

Dysentery affected linear growth but not weight gain. Diarrheal diseases, except 

dysentery, had an effect on nutritional status producing short depressions in the 

growth curve without greatly affecting its general shape. Comparing intervals without 

diarrhea to intervals with at least ten days of diarrhea at the beginning and at the end 

of the three-month interval showed that weight gain was similar in intervals with more 

than ten days of diarrhea only at the beginning and in those without diarrhea. In 

contrast, intervals with more than ten days of diarrhea at the end of the interval were 

associated with a significant decrease (55 g/month) compared to diarrhea-free 

intervals. The authors concluded that control of diarrhea would have little impact on 

the prevalence of malnutrition when malnourished children suffered from insufficient 

food intake. 

In the fourth study, Becker et al. (1991) took feeding practices and nutrient 

intake into account and showed more lasting effects of diarrhea on growth. Seventy 

children aged 5 to 18 months were observed for 14 months to investigate weight 

changes following diarrheal attacks. The children experienced 8.7% days ill with 

diarrhea, and 8.1 % days ill with fever. The average energy intake of the whole 

sample was 69.9 kcal/kg/day or 68% of the WHO recommended intake. The median 

of the average weight increment was 127 g/month. Fifty percent of the children 

weighed less than the 5th percentile of the NCHS standards at the age of six months, 

and over 90% fell below the 5th percentile at 18 months. Weight change over the 
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study period was inversely related .to the proportion of days in the month ill with fever 

and diarrhea and positively related to energy intake per kg/body weight. By using 

multiple regression, predicted weight gain was significantly greater after increasing 

food intake to the recommended level (49 g/month) than after eliminating the effect of 

diarrhea and fever (36 g/month). The investigators suggested that dietary intake was 

a more important determinant of relative growth patterns than were specific infections 

in this population. This was also confirmed by other studies from Asia (Lopez de 

Romana, 1989) and from Africa (Moy et al., 1990) (see Table 2). 

Studies in Africa on the effects of diarrhea demonstrate the same conflicting 

results. An example is the study conducted in Sudan by Zumrawi et al. (1987), in 

which a cohort of 439 infants were followed biweekly from birth to one year of age. 

The effect of one day of diarrhea on weight gain was a deficit of 32 g/day ill; that is, 

on average a weight loss of 13 g compared with an expected weight gain of 18 g. An 

episode of diarrhea in any two-week period reduced the gain in that period by 50% 

compared to uninfected children. Comparing those who grew well with those who 

grew poorly, the sample was divided into four quartiles by attained weight at six 

months. The incidence of diarrhea during the previous six months was two to three 

times greater in the lowest than in the highest quartile; nevertheless, the impact of 

diarrhea in the first six months explained only 41 g (1.7%) of the 2,360 g weight 

difference observed between the top and bottom weight quartiles. Moy et al. (1990) 

similarly concluded that diarrhea was not a major determinant of early childhood 

malnutrition in Zimbabwe. They argue that although interventions such as provision 
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of clean water and sanitation may reduce the frequency of diarrhea, they are unlikely 

to have a major impact upon malnutrition unless combined with measures to improve 

the quality of children's diets. 

In contrast, diarrheal diseases were found to be the cause of growth retardation 

in West African children, where the monthly body length and weight gain were half 

the expected for standard (Rowland et aI., 1977). In Gambian children, Rowland et 

al. estimated that diarrhea prevalence was associated with -4.2 mm and -746 g in 

linear growth and weight gain respectively. In another study (1988), the same group 

reported that lower respiratory tract infection had a four-fold greater impact per day 

of illness than diarrhea, reducing weight by 14.7 g/day. No significant effect of 

diarrhea was found in exclusively breastfed infants. 

To summarize, diarrhea results in deficits in weight gain during the acute illness 

and in the immediate recovery period (one to three months). The deficits in weight 

gain are greatest in younger children, and effect of diarrhea on weight occurs in both 

well-nourished and malnourished children. Apparently the deficit in weight gain is 

mediated at least in part by decreased food intake, but breastfed children are relatively 

protected. Most long-term studies (about one year) show no long-term effect of 

diarrhea except when morbidity is high and food availability or quality is limited, 

although at least one study has shown a cumulative effect over a two-year period 

(Martorell et al., 1980). 

Conclusion. The evidence shows that diarrhea leads to transient growth faltering 

in most children, and that malnutrition can occur after diarrheal episodes. 
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Inconsistency in conclusions among studies can be explained by lack of control in 

potentially confounding variables, such as socioeconomic factors (Zumrawi et al., 

1987b; Rowland et al., 1988; Briend et al., 1989). So far, there is little solid 

evidence to support the hypothesis that diarrhea is a major cause of permanent growth 

faltering. The length of follow-up is important in interpreting the results of these 

studies. Short-term studies may exaggerate the differences in growth rates due to 

diarrhea by not considering the effect of catch-up growth between intervals of 

diarrhea. And finally, weight deficits observed immediately after diarrhea may be 

confounded by dehydration (Miall et al., 1970). 

If post-diarrheal catch-up growth does not occur, then an established deficit in 

weight gain will persist and repeated attacks of diarrhea will have a cumulative effect 

on growth. However, the majority of data suggests quite the opposite because long

term studies generally demonstrate considerably less impact of diarrhea on growth 

than short-term studies. This phenomenon is demonstrated in the few studies which 

have analyzed data over both short- and long-term periods (Black et al., 1984b; 

Bairagi et al., 1987; Zumrawi et al., 1987). These results point to the need for 

further studies that control for socioeconomic and sanitary variables to investigate the 

effect of diarrhea on weight changes over both short- and long-term periods. 

FEEDING DURING DIARRHEA 

Many studies have investigated the relationship between infant feeding and 

infectious illnesses in developing countries. Mata et al. (l977b) reported that 
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Guatemalan village children had food intake of 50% of the recommended amounts 

during infectious diseases including diarrhea. Decreases in caloric intake appeared to 

be greater than in protein intake. A significant correlation was observed between 

energy intake and morbidity in the second year of life, but not in the first or third 

years of life. In a longitudinal, community-based study in Guatemala involving 477 

preschool children, Martorell and co-workers (1980) attempted to measure the effect 

of respiratory infections, diarrhea, and fever on food intake. There was an average 

reduction of 20% in daily food intake, equivalent to 175 kcal and 4.8 g of protein in 

ill compared to well children. Diarrhea had a greater effect on food intake than did 

respiratory infections. At the International Center for Diarrheal Disease Research, in 

Bangladesh, studies were carried out to estimate the effect of diarrheal illness on food 

intake in the hospital and at home. Hoyle et al. (1980) compared food intake in two 

groups of children with diarrhea admitted to a field hospital with a third healthy group 

matched for age. The mothers in one group of those suffering from diarrhea were 

encouraged to feed their children. There was a 40% reduction in energy and protein 

intake in sick children compared to controls, with no difference between the two 

groups with diarrhea. Mothers failed to feed their children in spite of continuous 

encouragement. The anorexia of diarrhea affected only supplementary food intake, 

while the level of breastmilk consumed remained unchanged in both groups. 

Anorexia is a frequent occurrence in diarrheal diseases, operating as a major barrier 

to improvement of feeding practices. In this study, its effects were not altered by 

mothers' nutrition education. 



48 

In India, Pereira et al. (1987) reported that 25 children aged 2 to 5 years 

experienced 31 episodes of diarrhea and dysentery over a one-year period. Four 

children had unaffected appetite, while the other 21 children had intake depressed to 

80-85 % of the average group. In 25 % of the affected children, appetite was 

depressed for ten days. The number of days of depressed appetite (less than 10% of 

the average energy intake for a 13-week period) due to illness had a cumulative effect 

on growth. Poor increases in height and weight were seen in the children who had 

many days of reduced appetite due to illness. Upper respiratory infections, diarrhea, 

and fever depressed food intake by 15-20%. 

In another study carried out in a rural area in the southern part of Bangladesh 

(Molla et al., 1983), the food intake of 65 children aged 13 to 60 months was 

measured in their homes during healthy periods as well as during diarrheal episodes. 

Intake of both energy and protein was reduced by 70% during diarrhea, although 

environmental conditions remained unchanged. This severe reduction of energy and 

protein intake raised the issue of withdrawal of food in the home environment, which 

may be minimized in a hospital setting (Molla et al., 1983). 

Sixty-three Bangladeshi children below five years of age were involved in a study 

to estimate quantitatively the nutrient intake during acute stages of diarrhea and two 

and four weeks after recovery. There was about 15-30% reduction in food intake 

during diarrhea among hospitalized patients with different etiologies. Two weeks 

after recovery, caloric intake was achieved in all groups. The investigators concluded 

that feeding, including breastfeeding, should be encouraged even in acute phases of 
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diarrhea irrespective of the etiology. There was no apparent deleterious effect of food 

on the volume of stool loss or on the duration of diarrhea (Molla et aI., 1983). 

In a trial to quantify the nutritional cost of diarrheal diseases and other illnesses 

in four rural Guatemalan villages, Martorell et al. (1983) reported that diarrhea was 

associated with a reduction in intake of 160 kcal and 3 g of protein/day. When 

children were sick, not only did their growth cease but there was loss in weight, lean 

body mass, and fat. Providing 66 kcal/day of supplement was similar in effect on 

growth rates to eliminating all diarrheal diseases in children from 12 to 36 months of 

age. Apathy and selected common symptoms, because of greater prevalence, had 

larger calorie equivalents, -145 and -123 kcal/day, respectively. Combining all 

studies, diarrheal diseases on an average lowered food intake by 20-40%. 

Energy intake during common infectious diseases of 131 Peruvian infants aged 

1 to 13 months were assessed by Brown et al. (1990). Morbidity and dietary data 

(using 12-hour observation method) were collected thrice and twice weekly, 

respectively. Linear interpolations of monthly weight were computed so that the 

energy and nutrient intakes could be expressed per kilogram body weight as well as in 

absolute terms. Mean energy intakes on symptom-free days were 557 ± 128 kcal/day 

for infants less than 181 days old, and 638± 193 kcal/day for infants over 180 days 

old. Controlling for age, seasonality and individual, fever and diarrhea were each 

associated with significant decreases (5-6 %) in energy intake with no changes in 

frequency of breastfeeding, total suckling, or amount of energy consumed from 



breastmilk. Energy intake from non-breastmilk sources decreased by about 28 % 

during fever and 23 % during diarrhea. 
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Behavioral aspects of nutritional intake during diarrheal episodes, convalescence, 

and health were observed by Bentley et al. (1991) for 40 non-exclusively breastfed 

Peruvian children aged 4 to 36 months. Stage of illness, age, consistency of food, 

and calories consumed from breastmilk were tested in a logistic regression model 

against scales of maternal feeding behavior and child acceptance of food (dependant 

variables). "Acceptance of food" scores were higher during health (Odd Ratio 

(OR): 1.55) and convalescence (OR: 1.12) than during diarrheal days. On the other 

hand, mothers were more likely to encourage their children to consume liquid or 

semi-liquid foods during diarrhea. 

Conclusion. Diarrheal diseases and fever are associated with reduced energy 

intake and, subsequently, reduction in weight gain. In most studies, decreased energy 

intake and decreased acceptance of food during fever and diarrhea can be explained 

by illness-associated anorexia rather than by maternal withdrawal of food during 

illness. 

Severity of diarrhea has an effect on the quantity of food consumed. The effect 

of feeding during diarrheal episodes differs in hospital-based versus community-based 

studies, with a greater reduction of intake in the hospital-based studies. The reduction 

in energy intake in hospitalized children ranges between 20-40 %; in community-based 

studies, the reduction in energy intake in sick children was 3 %-6% of the total energy 

intake. 



SUMMARY OF LITERATURE REVIEW 

The literature review can be summarized in the following model (Figure 1), 

which shows the different factors explaining the relationship between diarrhea and 

growth. The many studies that have been carried out to investigate the relationship 

between food intake, social, economic, demographic, and biological variables (such 
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as age, gender, and infection) found these variables to have an association with 

nutritional status as assessed by a growth (weight) velocity. Some of them have a 

direct effect on growth, while others facilitate indirectly the association. However, 

some of these factors are interrelated. Various socioeconomic and sanitary indicators, 

child's pre-illness weight, and previous diarrheal episodes have a negative impact on 

weight velocity. Child's gender and feeding patterns produce different results in 

different cultures. Weight velocity also decreases by age. Morbidity and dietary 

indices are considered major effectors, while gender, sociodemographic, and sanitary 

variables are considered interactive effectors. 



Figure 1 

Literature based model of effect of diarrhea on growth 
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This study is an analysis of data collected in a larger weaning-study (Harrison, 

1992) which was funded by the Thrasher Research Fund. The weaning study began 

in early 1989, ended in 1991 and included the collection of socio-demographic and 

longitudinal morbidity, food intake and anthropometric data over a full calendar year 

for about 200 infants, aged from 2-4 months at study entry to 14-16 months at exit. 

As a supplement to the larger study, the present study collected frequent 

anthropometric measurements on a subset of these children during and following 

diarrheal episodes during the summer of 1990. 

OBJECTIVES OF THE STUDY 

The study was designed to test a hypothetical model explaining post-diarrheal 

weight velocity. The objectives of the following study were: 

1. To estimate the effect of diarrheal diseases on weight velocity. 

2. To test the occurrence of catch-up growth after diarrheal diseases. 

3. To investigate the factors enhancing or hindering this catch-up growth. 

The hypotheses are: 

1. Diarrheal disease deviate infants from their normal growth curve. 



2. Post-diarrheal weight velocity will be greater than would be expected if the 

diarrheal episode had not occurred. 

3. Previous diarrheal episodes decrease post-illness weight velocity. 

4. Feeding patterns affect the post-diarrheal weight velocity. 

5. Poor sanitary environment decreases post-diarrheal weight velocity. 

6. Infants of better educated, older, and richer parents grow better after diarrhea. 

7. Older infants, and infants with low pre-illness weight, had lower post-diarrheal 

gam. 

THE SITE 
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The neighborhood has the following essential characteristics to the study: 

stability; sufficient population size to facilitate the recruitment of the requisite number 

of infants; crowding and poor sanitary conditions; generally low income; and health 

services and traditional midwives willing and eager to participate in the project. 

Boulaq El Dakrour is a recently urbanized district of Giza, directly west of Cairo 

and now part of the metropolitan area. The district was founded in the early 1960s, 

before which it was agricultural land. A few agricultural families remain, but they 

are rapidly decreasing in number as their land is sold off to be replaced with 

apartment buildings. The area is densely populated and has grown rapidly and 

informally; its popUlation density has earned it the local nickname "Republic of 

China". The population is low-income and lower middle-class and is a combination 

of young families who have fled the older and more expensive areas of Cairo in 
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search of cheaper housing and first- and second-generation rural immigrants 

(primarily from Upper Egypt) who have migrated to the city in search of jobs and 

improved standard of living. Most residents are in nuclear family structures, although 

it is not uncommon for several units of an extended family to occupy apartments in 

the same building. The neighborhood residents are characterized by marked variation 

in education and occupation. Men's occupations include wage laborers, hand-workers 

(such as street cleaners and movers of building materials), young government 

employees, and a few businessmen who own food shops or house-ware stores. 

The neighborhood is very crowded, with most buildings made of brick and 

ranging from one to six stories. Two main, paved streets intersect Boulaq El 

Dakrour, and there are many interior streets which are narrow and unpaved. The 

main streets have automobile, van, bus and animal-cart traffic; the interior streets 

suffer from some traffic, but their very narrowness makes them more favored places 

for pedestrian and bicycle traffic, children's play, women's socializing, and animal

drawn carts. 

Most families occupy two- or three-bedroom apartments with small rooms (2.5 to 

3.0 meters square); most have separate small kitchens and bathrooms, although 

sometimes these facilities are combined with only a visual divider such as a screen or 

door. 

A few families share kitchen or bath facilities with neighbors. Electrical power 

is supplied to the district, but it is not continuous. The city sewage system is under 

renovation, and some houses are connected to it while others are not. Garbage is 



collected on a regular basis (almost daily) by private collectors. Running water is 

theoretically present in almost every building, but is subject to regular and frequent 

interruptions, so most households supplement their supply by carrying water from 
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taps on the streets or from public pumps. In those buildings which have electric water 

pumps, water is pumped and stored during the night to be available for the next day's 

use. Women who live in buildings which do not have running water and pumps often 

have to spend considerable time obtaining water. It is not unusual for women to stay 

up all night to do laundry and other chores when water is running and available. 

Water for cooking is kept in covered containers; drinking water is stored in bottles 

and usually kept in refrigerators for daily use. 

Boulaq EI Dakrour has abundant and accessible health services. The 

neighborhood contains a governmental hospital, several maternal and child health 

centers which offer prenatal care, obstetric and gynecological services, immunization 

and pediatric outpatient services, and numerous polyclinics and clinics affiliated to 

mosques. There are also many private physicians and pharmacists in the area who 

have busy practices. Most deliveries are attended at home by trained and registered 

traditional midwives or nurses from the maternal and child health clinics, although 

some of the younger and more educated mothers prefer to deliver at the hospital or 

the maternal/child health center. 
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STUDY POPULATION 

Two hundred fifty infants were recruited over one calendar year, with enrollment 

at the age of six to eight weeks and ongoing study for one calendar year through 

weekly home visits by physicians. The criteria for enrollment included documented 

date of birth, no major congenital anomalies or physical disabilities, the child being 

breastfed at study entry, and the consent of the family to participate for one year. 

Identification of potential subjects was primarily through dayas (traditional birth 

attendants) and health center staff, although additional subjects were identified by 

participating families and community residents. 

Of the infants enrolled in the weaning study, 34 infants with 43 episodes of 

diarrhea were chosen for purposes of the current sub study . The criteria for inclusion 

in the subsample were: 

1. The infant active in the study and reported sick with diarrhea in the weekly 

morbidity recall during the months of July to October of 1990 when the 

investigator was in field. 

2. At least one anthropometric measurement during the illness episode and another 

two to three days after the episode. 

3. A minimum of six anthropometric measurements within the year of the study. 

A number of episodes (n = 14) were excluded based on the following criteria: 

1. Infants reported verbally sick by interviewers without corresponding written 

documentation. 



2. Infants reported sick, but no anthropometric measurements taken during the 

illness. 

A reference population of infants were chosen from the study infants, based on the 

criteria that the infants: 
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1. had the same age and sex as the target infant at the first day the target infant was 

reported sick. 

2. were reported diarrhea-free in the weekly morbidity recall the week the target 

infant was reported sick. 

3. had a minimum of two anthropometric measurements in a well period of 56 days 

around the age of the sick infants. 

RECRIDTMENT AND TRAINING OF FIELD STAFF 

The staff included a field director, a recruitment team of three physicians who 

worked directly with the traditional birth attendants and with local health center staff 

to recruit eligible newborns and their families, and a junior staff of young physicians 

for data collection and data management. The junior staff were trained in filling out 

the structured questionnaires by senior physicians and on open- ended interviewing 

techniques by an Egyptian anthropologist. 



DEVELOPMENT AND TESTING OF DATA COLLECTION INSTRUMENTS 

Field data collection forms were developed and pre-tested, including separate 

schedules to record data relative to: 

1. Initial contact 

2. Demographic data (household composition) 

3. Environmental data 

4. Morbidity 

5. Food intake 

6. Anthropometry 

7. Exit from the study 

The data collection forms were in English, with pre-coding of information where 

appropriate. After initial drafting, the forms were reviewed by a data management 

consultant and revised to facilitate computer entry. They were pre-tested in 

neighborhoods similar to the study area and further refined. Where open-ended 

questions were asked, the mother's response was recorded verbatim in Arabic. 

DATA COLLECTION 

Data were collected in the subjects' homes on a weekly basis except for 

anthropometric measurements that were taken monthly. Teams of two or three 

doctors had assigned a group of households and arranged their schedules so that one 

of them visited each household every seven days. Data included family and 
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environmental information, morbidity, food intake, anthropometry and cultural data 

(ethnography included 20 infants). The data were reviewed and coded at the National 

Research Center (NRC) in Cairo by two senior physicians. Data entry was also done 

at the NRC. 

Socio-Demographic and Sanitary Data. Data collected at the first visit included 

for each household member: age, sex, education, literacy level, and occupation; 

housing information (e.g. number of rooms, presence of piped water, sewage disposal 

facilities), and family resources (including television, radio, refrigerators, stove, 

closet and furniture). Sanitary variables were binary variables while socio

demographic variables were categorical. 

Morbidity. Health status and illness experiences of the study infants were 

monitored during the course of the study by weekly morbidity recall with particular 

emphasis on diarrheal diseases. The respondent was usually the mother, but in her 

absence the report of any other competent family member were taken. Appendix A 

contains the data collection forms used for recording morbidity data from interviews 

with subjects. The mothers were asked in an open-ended questionnaire to define 

diarrhea, and the child's experience of diarrhea was reported according to the 

mothers' definitions. On each visit, the physicians asked the respondent whether the 

target infant was sick the day of the interview or was sick in the previous six days. 

The "yes" response was marked on the corresponding days of last week specific to the 

type of illness reported. Medical examination was performed by the interviewers and 

medication was prescribed if needed. The questionnaire emphasized detailed 



symptomatic information about diarrhea including the onset, duration, stool 

characteristics, number of movements and complications with other symptoms or 

fever. 
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Food Intake. A 24-hour dietary recall was collected weekly. Food intake was 

qualitatively reported, with special emphasis on feeding during illness and deletion or 

additions to child's diet due to, during and after diarrhea. The questionnaire also 

focused on the introduction of foods and fluids other than breastmilk and the 

termination of breastfeeding. 

Anthropometry. Weight was measured at monthly intervals for the sub study 

reported here. When the infant was reported sick in the weekly morbidity recall, 

weight was taken within a day or two. Most of the first illness measurements were 

done within the first two days of illness (52 %), 24 % within the third and fourth day 

and 24 % within the fifth to the seventh day. Further weight measurements were 

taken every three days until disappearance of symptoms. Seven days after 

disappearance of symptoms, another measurement was tal(en. Subjects were weighed 

with their clothes using a portable electronic balance (K-Tron). The clothes were 

weighed separately after the mother changed them. The balance is reasonably 

lightweight, can be read in dim light, does not require a level surface, and can be 

tared to account for a blanket or clothing if necessary. The accuracy of this balance 

(± 1 g) made it possible to weigh the infant's clothing, after the mother gradually 

changed it, to arrive at an accurate corrected weight. Weights were typed in tables 

and monitored for any errors on a regular basis. 
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OUALITY CONTROL 

Quality control measures included training of staff and ongoing monitoring of 

reliability. Two experienced reviewers reviewed the forms before data entry and 

facilitated the resolution of obvious errors with the data collector prior to data entry. 

Range checks were applied after anthropometric data were entered; out of range 

values were checked and corrected if in error, if possible. The values were plotted 

longitudinally for each individual to detect errors which were not outside the range 

checks. The great majority of data errors were ID errors or key punch errors. They 

were checked against original forms and edited. Unresolved questionable values were 

deleted from the database. 

DATA MANAGEMENT AND ANALYSIS PROTOCOL 

The analysis of the 43 diarrheal episodes experienced by 34 infants is based on 

calculating weight velocity (g/d) over four periods (Figure 2): 

1. The pre-illness period, defined as the last three months before the day of the first 

weight measurement taken during illness episode. 

2. The illness period (range three to twelve days), defined as the period from the 

first weight during illness to the first measurement after the infant was reported 

healthy. 

3. One-month post-illness period, defined as the 30 days after reported symptoms

free. 
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4. Six-month post-illness period, defined as six months after the one-month post

diarrheal period. 
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The data from 43 index episodes were for 34 infants. Seven infants experienced 

a second episode of diarrhea during the substudy period; six infants experienced an 

index diarrheal episode early in the study period with no three-month pre-illness 

measurements; and four infants did not have enough anthropometric data for the 

six-month post-illness period. For each study infant, a group of an average of 95 

reference infants (range 32-115) of the same sex was chosen who were reported 

diarrhea-free within 28 days of the day the target infant was reported sick. 

Variable Computation. 

Anthropometric Variables. Weights were converted to weight-for-age z

scores relative to the National Health Statistics (NCHS) population using software 

from the Centers for Disease Control, Atlanta, GA (1991 version). Z-scores were 

used to represent the nutritional status of the study infants compared to: (1) the 

reference infants, and (2) the NCHS standard as differentiated by sex. 

Four weight velocities (g/d) were calculated for each study infant, 

corresponding to four periods (three months prior to the index diarrheal episode, 

index episode, one month, and six months periods). A linear regression of weight on 

time was performed for each period which had at least two measurements. The 

coefficient was saved in an output file and a regression line was drawn. The slope of 

the regression line was used as the weight velocity. Weight velocities of the reference 
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infants (g/d) were defined as the slope of regression lines performed by using all the 

anthropometric measurements of the reference infants corresponding to each study 

infant within the +28-day window around the age of the study infant at the first day 

of illness. Reference weight velocities in the six-month period were calculated as the 

slope of regression line computed from all anthropometric measurements taken to all 

reference infants pooled within a period of 180 days after the 28 days window around 

the age of the study infants. 

Average weight velocity of the reference infants was subtracted from the 

study infants' weight velocity in each period, and a new variable called relative 

weight velocity was created (g/d) and was used as the dependent variable. The zero 

point on the relative velocity scale had the interpretation that the index infants' 

velocity was the same as the average in the corresponding (age- and sex-controlled) 

reference group. 

Morbidity Variables. Simple indicators were calculated to describe 

morbidity rates over the entire study year. These include the number of episodes of 

each illness, sum of days ill with each illness, percent of days ill with each illness. 

The percent of days ill with each illness was calculated as: 

Sum of days of illness~100 
Total child-days of observation 
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To account for the varying time periods of follow-up, the incidence density was 

calculated as: 

Number of cases 
Total child-days of observation 

The incidence density is defined as the weighted average rate for the population at risk 

during a given period time (To, T) (Hennekens and Buring, 1987). This average rate 

is often called the incidence density or person-time incidence and is computed as a 

ratio: 

where: 

i=number of incident cases occurring during the period (To, T), and 

Pt=amount of person time experienced by the population at risk during the 

follow-up period. Person-time is the sum of Ti where Ti is time between start of 

follow-up and either disease occurrence (for cases) or withdrawal from 

observation (for non-cases). 

A new episode was defined as an illness with three days symptom-free before the 

episode started. 

Demographic Variables. Demographic indicators were calculated to 

describe the crowded ness of the household, the presence of adults other than the 

parents (20 to 50 years of age) in the household, the presence of adults above 50 years 

of age and the presence of other children in the household. The crowdedness variable 

(persons/room) was expressed as the ratio of household size to number of rooms. 



Many factors were determined to assess the decision-making authority in the 

household, including the age differential between parents which was hypothesized to 

be influential based on the ethnographic study conducted in the same population 

(Harrison et al., in press). The number of adults in the household reflected 

experience, care taking and (probably) income. The number of infants less than six 

years of age reflected mothers' time available for child care. Parents' education 

variable was expressed as years of formal education. Parental occupations were 

arranged in a three-level scale with professional and businessmen at the top, and 

housewives and unemployed men at the bottom. Retirees, laborers, and clerical 

workers were in the middle. 

Food Intake Variables. Twenty-one food group variables were constructed 

(breastmilk, sugar, yogurt, pudding, soups, eggs, formula milk, home remedies, 

beans, sugary fluids, fruits, junk food, juices, vegetables, desserts, cheese, bread, 

rice and macaroni, buffalo's and cow's milk, commercial baby food, meat and 

chicken). See attached Appendix B. These variables were used as binary variables 

where" 1" corresponded to food consumed and "0" to food not consumed. 

67 

Statistical Analysis. Data analyses were done using the SAS systems, an 

integrated system of software products. Because age and gender were associated with 

different variables, the two variables were always tested for each group of variables. 

To eliminate interviewer bias, because of the ethnography preceding the study, 

Student's t-tests were performed to test the effect of interviewer interference on 

ethnography infants. Weight velocity of the infants included in the ethnography 



(n = 15) were compared to weight velocity of those not part of the ethnography 

(n=28) but part of the study. There was not a statistical significant difference in 

weight velocity between ethnography infants and the rest in the one-month period or 

the six-month period. 
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Descriptive Statistics. Descriptive statistics including frequencies, means, 

standard deviations and ranges were calculated describing patterns of morbidity, 

weight velocities of the study children, relative weight velocities and socio

demographic information. Description of dietary patterns was shown by histogram 

plotting the 21 food groups by age in weeks, distribution of food group consumed by 

age, and frequency of consumption of different food groups by presence or absence of 

diarrheal illness. 

Analytical Statistics. To test the existence of a difference between study and 

reference infants in weight velocity, Student's t-tests were performed for each period. 

The existing variables and the variables calculated from them were used as 

independent variables to predict the dependent variables which included weight 

velocities of study infants and relative weight velocity (the difference in weight 

velocities between study and reference infants). The independent variables included 

descriptive of the diarrheal attack (duration of the episode, number of stool/day, stool 

color, odor, presence of mucous, blood, other accompanied illnesses "respiratory, 

communicable" or symptoms "fever, vomiting", receipt of medication), 

environmental variables (number of rooms, clean water, separate kitchen, separate 

bathroom), demographic data (birth order, age of infant, parents' education, 
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occupation, number of household occupants, number of children, number of adults, 

age difference between parents, ownership of radio, television set, refrigerator) and 

24-hour food intake. 

Statistical techniques included correlation and regression. Simple and 

multiple linear regressions were carried out for each period separately to determine 

the independent variables to be used in further analysis. Simple linear regressions and 

multiple regression were assembled to examine the impact of each sanitary, 

demographic, morbidity variable and food groups on weight velocity. To evaluate 
, 

confounding of the association between weight gain and independent variables, the 

effect of each variable was observed when added one at a time to the multiple model. 

However, logistic regression was used to test the differences between study and 

reference infants in food intake and sanitary environment. It was also used to predict 

the food consumption of study infants during diarrhea and non-diarrhea days of 

observation. 
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RESULTS 

CHARACfERISTICS OF STUDY INFANTS AND REFERENCE POPULATION 
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Thirty-three of the 34 study infants completed a full year of surveillance; one 

infant died at the age of four months. His data were not included when calculating 

percent of time ill or incidence density. The mean and standard deviation of study 

infant-days of observation was 360+43 (range 127 to 404). All study infants were 

enrolled in the original study before four months of age (Figure 3). The ages at the 

time of the sub study , the diarrhea, and the growth study were 2 to 13 months (Figure 

4). Nineteen infants (55.9%) were girls and 15 (44.1 %) were boys. Birth order of 

the infants ranged from 1 to 9, with a median of 3 (Figure 5). Nine (23.5%) of the 

study infants were the first and only child in the family. Twenty-three infants 

(60.5 %) had siblings less than five years of age in the household. 

The 196 reference infants were those infants in the original study who were 

reported diarrhea-free at the same age as the study infants' index episode of diarrhea. 

Ninety-nine percent of the reference infants were enrolled before four months of age 

(Figure 3). Fifty-two percent (n=103) were boys and 47.4% (n=93) were girls. 

Birth order range and median were the same as the study infants (Figure 5). Twenty 

percent (n = 39) of the reference infants were first-born and 80 % (n = 157) had siblings 

less than five years of age in the household. 



Figure 3 
Distribution of study and reference infants 
by age of enrollment in the original study 
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Figure 4 
Distribution of study infants by age 

at time of the sub-study 
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Figure 5 
Distribution of study and reference infants 

by birth order 
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SOCIO-DEMOGRAPIDC ECONOMIC STATUS AND HOUSEHOLD 

ENVIRONMENT 

74 

Socio-demographic and environmental characteristics of the study infants showed 

no significant differences when compared to those of the reference infants by using 

Student's t-tests for continuous variables or Yates chi-square for 2*2 contingency 

tables. 

Mothers' ages (Figure 6) ranged from 19 to 42 years (mean±sd=29.9±6.7), 

and level of formal education ranged from none to 12 years. The mean years of 

education was 1.9±3.7, and the mode was mode O. Twenty-one mothers (61.8%) 

had received no formal education (Table 3). Eleven mothers (32.4%) could read 

and/or write, one based on adult night schooling (Table 4). All but one mother, who 

was helping her husband in their grocery store, were housewives. Fathers' ages 

ranged from 20 to 54 years (mean±sd=36.4±7.8, mode=30). The difference in age 

between parents averaged 6.5+4.9 years with a range of -1 to 17 years (Table 5). 

Fathers' formal education ranged from 0 to 16 (mode=9); three (9%) had received 

university degrees (Table 3). Twenty-seven percent of the fathers were illiterate 

(Table 4). All but one of the fathers were working, with eleven (31.5%) in 

professional and white collars jobs, four (11. 8 %) in small business, and 18 (52.9 %) 

as laborers (Table 6). 
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Table 3 
Parents' level of formal education (years) 

Study Infants Reference Infants 
Years of Mothers Fathers Mothers Fathers 
Education N Percent N Percent N Percent N Percent 

> 12 3 8.8 7 3.6 13 6.8 
12 1 2.9 2 5.9 8 4.2 12 6.3 
9 7 20.6 9 26.5 57 29.7 64 33.3 
6 5 14.7 9 26.5 

<6 1 2.9 3 1.6 
None 21 61.8 10 29.4 120 62.5 100 52.1 

Total 34 100.0 34 100.0 192 100.0 192 100.0 

Table 4 
Parents' literacy status 

Study Infants Reference Infants 
Literacy Mothers Fathers Mothers Fathers 
Status N Percent N Percent N Percent N Percent 

Reads only 1 2.9 2 5.9 4 2.1 6 3.1 
Reads/writes 11 32.4 23 67.6 103 53.9 146 76.0 
Illiterate 22 64.7 9 26.5 84 44.0 40 20.8 

Total 34 100.0 34 100.0 191 100.0 192 99.9 
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Table 5 
Age difference (years) between parents (father-mother) 

Age Study Infants Reference Infants 
Difference (years) N Percent N Percent 

2..0 4 11.8 12 6.7 
1-5 14 41.1 74 41.3 

6-10 10 29.5 61 34.1 
11-15 3 8.8 15 8.4 
16-20 3 8.8 14 7.8 
2..21 3 1.7 

Total 34 100.0 179 100.0 

Table 6 
Occupation of fathers and other relatives in the household 

Study Infants Reference Infants 
Fathers Relatives Fathers Relatives 

Jobs N Percent N Percent N Percent N Percenf 

Professional 11 32.4 1 8.3 10 5.2 17 21.5 
Clerical work 57 29.7 2 2.5 
Business 4 11.8 
Laborer 18 52.9 1 8.3 122 63.5 16 20.3 
No work 1 2.9 5 41.7 3 1.6 34 43.0 
N/A 5 41.7 10 12.7 

Total 34 100.0 12 100.0 192 100.0 79 100.0 

N/A=not applicable in case of children 
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Household size ranged from three to eleven persons (mean=5.7+2.2) 

(Figure 7). All but five families were nuclear households. The extended families 

included four grandparents and eight other relatives who ranged in age from 2 to 70 

years (Table 7). Crowding (persons per room) averaged 1.9±0.8 (Table 8). 

Table 7 
Relationship of persons in the household to study and reference infants 

Study Infants Reference Infants 
Number of Number of 

Relatives N Percent Families N Percent Families 

Parent 68 43.6 34 196 27.6 196 
Grandparent 4 2.6 3 31 4.4 20 
Sibling 76 48.7 25 435 61.4 157 
Other 8 5.1 5 47 6.6 15 

Total 156 100.0 34 709 100.0 196 

Table 8 
Number of persons per room in study and reference households 

Study Infants Reference Infants 
Persons Per Room N Percent N Percent 

< 1.0 7 20.6 16 8.2 
1.0-1.5 4 11.8 64 32.6 
1.6-2.0 9 26.4 49 25.0 
2.1-2.5 9 26.4 29 14.8 
>2.6 5 14.7 38 19.4 

Total 34 99.9 196 100.0 



Figure 7 
Number of persons in the households of 

study and reference infants 
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Forty-one percent of the families resided in three-room apartments with a range 

of two to six rooms (Table 9). The typical apartment had a separate htrine area 

(97.1 %) and a cooking area (82.4%). Working sewage facilities were available in 

93% of the households. Nineteen (82.6%) of household stored water in containers 

because of frequent shortage of water supply. The containers were either plastic for 

storing water for cooking and drinking, or metal for water use in washing and 

cleaning. The plastic containers were found to be covered in 90% of the households. 

Appliances commonly found in the studied households were stoves (94.1 %), 

televisions (94.1 %), radio (91.2 % ), washing machines (97.1 %). 

Table 9 
Distribution of households by number of rooms in residence 

Number 
of Rooms 

1 
2 
3 
4 

2..5 

Total 

Study Infants 
N Percent 

9 
14 
9 
2 

34 

26.5 
41.2 
26.5 
5.8 

100.0 

Reference Infants 
N Percent 

10 
35 
80 
63 

8 

196 

5.1 
17.9 
40.8 
32.1 

4.1 

100.0 

There was a correlation between infants' gender and sanitary variables; girls 

were living in overcrowded households (r=0.38). A negative correlation of 0.47 was 

seen between storing water in containers and gender (girls were coded as 2). 
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Mothers' education was found to be higher when the study infant were girls (T=4.31, 

p=0.002). The mean difference in parents' age was eight years in households of girls 

study infants (T=3.39, p=0.02). Boys were more frequently sick with fever than 

girls (T=2.38, p=0.05). 

MORBIDITY PATTERNS 

Comparing morbidity variables of study infants to those of the reference infants, 

only percent time ill with fever and average number of ' diarrheal episodes over the 

year of study showed statistically significant differences (Student's t-tests). Reference 

infants experienced fewer diarrheal episodes (Table 10), but greater percent of time ill 

with fever (Table 11) than did the study group. 

Table 10 
Average number of episodes of selected illnesses 

in the study year (mean+sd) 

Selected 
Illness 

Fever 
Respiratory 
Diarrhea 
Others 

Number of Episodes 
Study Infants Reference Infants 

S.7±3.7 
6.4±5.3 
8.1±4.0* 
3.6±3.9 

5.0+3.0 
6.4±4.3 
5.7±3.4 
3.9+3.2 

* different from reference infants (p=O.OS) 



Table 11 
Number and percent of infants ever to have had an 
episode of selected illnesses during the study year 

Selected Study Infants Reference Infants 
Illness N Percent N Percent 

Fever 34 100.0 184 93.9 
Diarrhea 34 100.0 196 100.0 
Respiratory 30 88.2 185 94.4 
Others 27 79.4 164 83.7 

The 34 study infants had 1,506 weeks of morbidity data, with a minimum of 18 

weeks and a maximum of 52 weeks; whereas the 196 reference infants had 8,029 

weekly morbidity recalls with a range of 10 to 54 weeks (Table 12). Symptoms of 

illness in study infants were identified during 15.9% and 13.5% of child-days of 

observation of study and reference infants respectively. The largest contributor to 

illness in study infants was diarrhea which accounted for 7.5% of time (Table 13), 

followed by respiratory symptoms (6.8%) and fever (3.9%). Skin, ear infections, 

conjunctivitis, and vomiting were experienced a total of 3.1 % of the time. Diarrhea 

also had the highest incidence density, with the average rate 0.02 episodes per total 

child-days of observation (Table 14). 
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Table 12 
Number of weekly morbidity recalls 
for study and reference populations 

Number of Study Infants Reference Infants 
Observations N Percent N Percent 

~20 1* 2.9 4 2.0 
21-30 1 2.9 13 6.6 
31-40 3 8.8 34 17.3 
41-50 25 73.5 111 56.6 
51-60 4 11.8 34 17.3 

Total 34 99.9 196 99.8 

* deceased age 16 weeks 

Table 13 
Percent of time ill with specific illnesses for study 

and reference populations (during one calendar year) 

Illness 

Fever 
Respiratory 
Diarrhea 
Others 

Study Infants 
Number of Percent 
Child-Days of Time III 

503 
821 
946 
406 

3.9* 
6.8 
7.5 
3.1 

* different from reference infants (p=O.002) 

Reference Infants 
Number of Percent 
Child-Days of Time III 

3,177 
4,986 
4,329 
2,735 

4.5 
7.1 
6.2 
3.9 
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Table 14 
Incidence density of selected illnesses (during one calendar year) 

Illness 

Fever 
Respiratory 
Diarrhea 
Others 

Study Infants 
Number of Incidence Rate 
Episodes per Child-Day 

194 
217 
274 
123 

0.015 
0.018 
0.022 
0.010 

Reference Infants 
Number of Incidence Rate 
Episodes per Child-Day 

915 
1,187 
1,123 

632 

0.013 
0.017 
0.016 
0.009 

Reference infants were ill with respiratory symptoms for 7.1 % of time, followed by 

diarrhea 6.2 % (Table 13). Study infants spent less time sick with fever (p=0.002) 
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and experienced increased number of diarrheal episodes (p=0.05) when compared to 

the reference infants (Table 10). 

All infants, both study and reference, had at least one episode of diarrhea during 

the period of observation (Table 11). All study infants had also at least one episode 

of fever, 88 % of them had at least one episode of respiratory infection and 79.4 % had 

at least one episode of other illness. The average study infant experienced 8.1 ±4.0 

episodes of diarrhea or 27.8 ± 17.6 days during the year with an average duration of 

3.5±2.0 days per episode (Table 15). Reference infants had an average of 5.7±3.4 

episodes of diarrhea with a mean of 22.0± 16.2 and a duration of 3.2± 1.6 

(Table 16). Ninety-four percent of reference infants experienced at least one episode 

of fever and respiratory infection. 



Illness 
Type 

Fever 

Respiratory 

Diarrhea 

Others 

Table 15 
Duration of all illness episodes in study infants (during one calendar year) 

33 

17.4% 

14 

6.6% 

38 

14.2% 

27 

23.1 % 

2 

72 

37.9% 

51 

23.9% 

63 

23.6% 

26 

22.2% 

Duration of Illness Episode (in Days) 

3 4 5 
Number of Episodes 

48 

25.3% 

51 
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65 

24.3% 

18 
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21 
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33 
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34 
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11 

9.4% 

5 
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13 
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8 
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10 
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7 
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44 
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25 
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Illness 
Tvpe 

Fever 

Respiratory 

Diarrhea 

Others 

Table 16 
Duration of all illness episodes in reference infants (during one calendar year) 

1 

136 

6.4% 

85 

8% 

142 

14.2% 

114 

22.4% 

2 

314 

14.8% 

259 

24.3% 

268 

26.8% 

120 

23.6% 

- Duration of Illness Episode (in Days) 

3 4 5 
Number of Episodes 
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81 
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15.7% 

124 
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53 
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Symptoms other than diarrhea, respiratory and fever were more frequently 

reported by girls' parents than by boys' (T=2.51, p=0.05). Girls suffered more with 

diarrhea than boys (T=2.85, p=0.02). During the course of the study, no age-

related trends in morbidity were evident. 

The Index Diarrheal Episodes. Twenty-four of the 43 index diarrheal episodes 

(55.8%) were simple episodes while 44.2 % were complicated with fever, respiratory 

infection or other illness/symptoms (Table 17). The index episode ranged from 1 to 7 

days in duration, with a mean of 3.7+2.2 days. Fifty-three percent of episodes had . 
gradual onset. About two-thirds (64.3%) were accompanied by malodorous stools; 

blood in the stool was reported in 7.1 % of episodes; and mucous was reported in 

44.2 %. Diarrhea was associated with vomiting in 30.2 % of episodes. The frequency 

of stools per day ranged from 2 to 10 with a mean of 5.3±2.6. One-third of infants 

(33.3%) were reported to have received medication in these episodes. 

FEEDING PATTERNS 

The one-year food intake data of the 34 study infants and the 196 reference data 

were analyzed to describe feeding patterns. Forty-six different food items were 

reported by the mothers to be consumed by study infants less than five months of age. 

The number of items consumed was double in infants older than nine months 

(Table 18). 
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Table 17 
Signs and symptoms reported in index diarrheal episodes 

Diarrheal 
Characteristics N Percent Total 

Number of illnesses per episode 
1 24 55.8 43 
2 12 27.9 
3 7 16.3 

Number of stools per day 
<5 12 28.6 42 
5 4 9.5 

>5 26 61.9 

Consistency 
Watery 13 31.0 42 
Loose 14 33.3 

Semi-solid 15 35.7 

Color of stool 
Yellow 12 28.6 42 
Green 26 61.9 
Brown 4 9.5 

Presence of 
Blood 3 7.1 42 

Mucous 19 44.2 43 
Vomiting 13 30.2 43 

Offensive odor 27 64.3 42 



Age (months) 

..$..4 
4.1-9 
>9.1 

Table 18 
Food varieties by age 

Study Infants 
Number of Total Food 
Food Items 

46 
76 
93 

Records 

771 
2,292 
2,692 

Reference Infants 
Number of Total Food 
Food Items 

68 
109 
112 

Records 

4,448 
14,206 
15,085 
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Food items were grouped according to age of first introduction (Figure 8). Study 

infants showed similar patterns to reference infants in food consumed. Infant 

formula, sugar and sugary fluids (including tea, anise, caraway, mint, fenugreek) 

were the most common foods consumed by study infants during the first three months 

of life in addition to breastmilk (Table 19). Breastmilk, sugar, "junk food" mainly 

cookies, non-human milk and yogurt were consumed by more than 20% of infants 

aged four to six months. This was accompanied by decrease in intake of sugary 

fluids. Non-human milk, boiled rice and boiled potatoes were added to the list of 

food consumed in older infants. Boiled rice and potato were consumed frequently in 

infants older than six months. There was a gradual drop in consumption of liquids 

and breastmilk accompanied with a gradual increase in semisolid and solid foods with 

increasing age. Breastmilk consumption was more, while home remedies were less 

frequent in reference than study infants for all age groups. Besides this difference 

there were no significant differences in food groups consumed by study infants during 



Figure 8 
Mean age at first report of food groups (weeks) 

in the study group 
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Table 19 
Food groups consumed by study and reference infants 

by age (percent of infants) 

Age (months) <3 3.1-6 6.1-9 >9.1 
Food S R S R S R S R 

Breastmilk 91.7 94.9* 76.4 85.4** 72.8 79.0* 68.4 73.3* 

Sugar 32.2 26.2* 41.6 36.3* 36.5 32.6 32.5 31.1 

Yogurt 8.7 11.1 30.3 32.7 33.6 34.8 25.8 31.0* 

Pudding 2.9 3.1 12.3 11.9 10.8 13.3 18.5 13.9** 

Formula 19.8 14.5 18.8 15.4 13.5 9.6* 5.2 4.6 

Soups 0.5 9.1 7.6 11.7 14.5 12.5 12.3 

Sugary fluids 16.1 29.9*** 9.7 9.1 2.0 5.4** 4.7 7.2* 

Baby food 5.0 3.5 10.2 10.5 9.9 8.4 4.7 3.3 

Non-human milk 9.9 11.1 21.2 27.3* 28.1 36.7** 45.0 45.0 

Junk food 10.3 6.4* 20.1 24.5 23.7 29.0* 24.9 23.2 

Juices 8.7 8.1 16.6 15.3 22.2 14.5*** 11.0 12.2 

Beans 3.7 0.6*** 5.0*** 15.5 12.8 23.6 22.1 

Fruits 1.2 0.7 2.4 3.6 3.8 7.9*** 10.8 13.3 

Eggs 0.1 4.0 3.8 5.8 11.2** 11.8 15.6* 

Breads 0.1 3.5 3.3 8.2 11.6 13.3 20.9*** 

Rice and macaroni 0.4 1.2 9.1 7.9 26.9 31.6 47.1 49.0 

Vegetables 1.2 1.6 15.3 13.9 33.6 32.1 48.2 43.6*** 

Desserts 1.2 1.4 1.9 3.3 4.7 4.5 4.7 4.9 

Meat and chicken 0.8 1.7 4.1 8.3** 13.6 16.0 

Cheeses 0.3 3.8 3.3 7.0 6.7 10.5 12.1 

Home remedies 9.9 5.7* 18.0 9.0*** 10.8 5.5*** 6.5 4.0* 

S = study infants 
R = reference infants 
* p.$..O.05 

** p.$..O.OI 

*** p.$..O.OOI 
Sugary fluids=anise, caraway, fenugreek, mint 
Baby food = commercial baby food 
Non-human milk=cow's and buffalo's milk 
Junk food=candies, cookies, ice cream, karate. popcorn 
Home remedies=corn flour, ORS, rice water, starch 
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the first three months of life when compared to reference infants except in sugary 

fluids, sugar, beans and "junk" mainly cookies. Sugar, "junk food" and beans were 

consumed more by study infants than reference infants. However, after four months 

of age, study infants consumed more pudding, formula, beans, juices and vegetables. 

On the other hand, reference infants consumed more fruits, eggs, bread and meat. 

Study infants' food consumption during all diarrheal episodes experienced over 

the calendar year was compared to their food intake during diarrhea-free days. 

Diarrhea-free days were those days with 24-hour recall data but without diarrhea 

reported. The percent of infants consuming breastmilk increased during illness but 

was not statistically significant (Table 20). During illness, adult food was replaced by 

liquids and home remedies. During the first three months of age, food intake during 

diarrhea did not change much except for increasing the intake of commercial baby 

food (p~0.01) and sugary fluids (p~0.05). In infants three to six months of age, 

yogurt and egg consumption were reduced (PSO.OI and PSO.05 respectively). Not 

many changes were observed in infants between six and nine months of age except for 

a significant increase in home remedies (p~0.05) and significant decrease in pudding 

(p~0.01). Major changes in food intake with diarrhea were observed in infants older 

than nine months; non-human milk (p~0.001), eggs (p~0.05), rice and/or macaroni 

(p~0.001), vegetables (p~0.01), beans (PSO.OI), and "junk food" (PSO.OI) were 

less frequently consumed during diarrheal episodes. On the other hand, study infants 

were more likely to consume sugary fluids (PSO.OOI) and home remedies (PSO.OOI) 

which included oral rehydration solution, com, and starch water. A trend, not 
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Table 20 
Food groups consumed by study infants during diarrhea and 

diarrhea-free days (percent of infants consuming food) 

During Diarrhea-Free Period (%) During Diarrheal Illness (%) 
Age (months) <3 3.1-6 6.1-9 >9.1 <3 3.1-6 6.1-9 >9.1 

Breastmilk 91.7 77.3 71.2 67.2 92.0 73.1 79.7 75.6 

Sugar 33.3 43.4 37.8 33.0 28.0 34.6 31.3 29.5 

Yogurt 10.4 33.9** 34.5 26.5 2.0 16.7 29.7 21.8 

Pudding 2.6 12.9 13.0** 18.8 4.0 10.3 l.6 16.7 

Formula 17.7 19.3 12.6 5.5 28.0 16.7 17.2 3.9 

Soups 9.8 12.2 12.5 6.4 9.4 12.8 

Sugary fluids 13.5* 9.5 2.5 3.1 *** 26.0 10.3 14.1 

Baby food 3.1** 10.2 lOA 5.5* 12.0 10.3 7.8 

Non-human milk 10.9 21.7 30.2 48.4*** 6.0 19.2 18.8 25.6 

Junk food 9.9 21.7 25.5 26.9** 12.0 14.1 15.6 12.8 

Juices 8.9 16.6 23.4 12.0 8.0 16.7 17.2 5.1 

Beans 4.2 15.5 25.6** 2.0 15.6 11.5 

Fruits l.2 2.7 4.7 10.7 1.3 11.5 

Eggs 5.1* 6.1 12.9* 4.7 5.1 

Breads 4.1 9.0 13.8 1.3 4.7 IO.3 

Rice and macaroni 0.5 10.2 28.8 50.1*** 5.1 18.8 29.5 

Vegetables 1.2 16.6 35.6 50.6** 10.3 25.0 34.6 

Desserts 1.0 2.4 4.3 5.0 2.0 6.3 2.6 

Meat and chicken 0.7 5.0 13.4 l.3 15.4 

Cheeses 4.1 7.9 10.5 2.6 3.1 10.3 

Home remedies 8.9 16.6 9.0* 4.8*** 14.0 23.1 18.8 16.7 

* ~O.O5 
** ~O.Ol 

*** ~O.OOl 

Sugary fluids = anise, caraway, fenugreek, mint 
Baby food = commercial baby food 
Non-human milk=cow's and buffalo's milk 
Junk food=candies, cookies, ice cream, karate, popcorn 
Home remedies = corn flour, ORS, rice water, starch 
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statistically significant, toward decrease in adult food consumption during illness was 

noticed in older infants. 

Food Intake During the Index Diarrheal Episodes. Food intake data were 

available for 40 out of the 43 index episodes. The food intake during the index 

episodes followed the feeding patterns described before. Two-thirds of infants under 

three months of age, consumed breastmilk and sugar while one-third of them 

consumed formula, sugary fluids and juices. Only few variety of food.) were eaten in 

these infants during diarrhea (Table 21). In infants four months and up, two-thirds or 

more of them were breastfed during illness, one-third consumed sugar. Sugary fluids 

were consumed by 8 % of infants between the ages of four and six months. The use 

of sugary fluids in older infants was tripled in diarrhea. The percent of infants 

consuming different food groups during the index episodes was shown in Table 21. 

NUTR~ONALSTATUS 

The mean weight-far-age z-score (±standard deviation) of the study infants 

based on the National Center of Health Statistics reference population of the study 

infants was plotted by age and sex and compared with the reference infants (Figures 

9 and 10). Average weight for both study infants and reference infants was within the 

±2 standard deviation range of the U.S. reference population. The mean weight-for

age z-score of reference infants remained at or above the U.S. reference means until 

four months of age, when it fell below the U.S. reference mean. Study boys were 

above the U.S. reference until two months of age and then declined rapidly. 
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Table 21 
Food groups consumed by study infants during the index episode by age 

Age (months) <3 3.1-6 6.1-9 >9.1 
Food N Percent N Percent N Percent N Percent 

Breastmilk 2 66.7 9 69.2 10 76.9 10 90.9 

Sugar 2 66.7 4 30.8 4 30.8 4 36.4 

Yogurt 1 7.7 3 23.1 1 9.1 

Pudding 1 9.1 

Formula 1 33.3 2 15.4 1 7.7 

Soups 1 7.7 2 18.2 

Sugary fluids 1 33.3 1 7.7 3 23.1 2 18.2 

Baby food 1 7.7 1 7.7 1 9.1 

Non-human milk 2 15.4 1 7.7 5 45.5 

Junk food 3 23.1 3 27.3 

Juices 1 33.3 2 15.4 3 23.1 1 9.1 

Beans 2 15.4 9.1 

Fruits 2 18.2 

Eggs 1 7.7 1 9.1 

Breads 1 7.7 

Rice and macaroni 2 15.4 2 18.2 

Vegetables 1 7.7 3 23.1 2 18.2 

Desserts 1 9.1 

Meat and chicken 2 18.2 

Cheeses 2 18.2 

Home remedies 2 15.4 2 15.4 3 27.3 

Sugary fluids=anise, caraway, fenugreek, mint 
Baby food = commercial baby food 
Non-human milk=cow's and buffalo's milk 
Junk food =candies, cookies, ice cream, karate, popcorn 
Home remedies=corn flour, ORS, rice water, starch 



Figure 9 
Mean z-score weight-far-age for male infants 

aged 1 to 13 months 
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Figure 10 
Mean z-score weight-far-age for female infants 

aged 1 to 14 months 
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The decline of growth in study infants was earlier in onset and more severe than in 

the reference infants, although by 12 months they are again identical. Differences 

between study and reference infants were significant at two and four months of age 

with reference infants significantly higher in weight-for-age z-score than study infants 

(T=8.8, p=O.008 and T=8.7, p=O.005). 

WEIGHT VELOCITY 

To assess the effects of illnesses and food intake on weight velocity, it was 

essential to assess the effect of potentially confounding variables such as infant age, 

sex and pre-illness nutritional status. Pre-illness nutritional status was estimated from 

the average weight in the three months prior to index diarrheal episodes. Weight 

velocities were plotted by infant age in days and average three-month pre-illness 

weight to explore the patterns of change at the group level and linear regression lines 

were fitted to the data. Plots of weight velocities (g/day) during the index episode 

showed a slight continuous decrease in weight velocity with age (Figure 11) and a 

slight negative relation to pre-illness weight (Figure 12). Weight velocity during the 

index episodes decreased by 8 glday for each day of age and by 3 gld for each kg of 

their pre-illness weight. Illness weight velocity was not correlated with age (r=-O.19, 

p~O.22) or average pre-illness weight (r=-O.2, p~O.19). 

When weight velocities' were compared by gender, boys grew marginally better 

than girls in the three-month pre-episode period (T=2.61, p=O.07). One-month post

episode, the weight velocity of girls was higher than of boys (T=5.47, p=O.002). 
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Figure 11 
Illness weight velocity by age in days 
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Figure 12 
'"ness weight velocity by average pre-illness weight 
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Weight velocities during the index diarrheal episode were compared to velocities 

in the three months prior to the index episode, the month after the index episode and 

six months after the index episode. There was no significant difference in mean 

weight velocity between the pre-illness period and one-month post-illness (fable 22). 

There was however, a marked decrease in weight velocity during the index episode 

when compared to weight velocities in the other three time periods. 

Table 22 
Weight velocities (mean+sd) in gld for study infants 

prior to, during, and after the index episode 

Period 

Three months prior to index episode 
Illness 
One-month post-illness 
Six-months post-illness 

abc d e f Student's t-tests 

Mean+SD 

14.8± 19.5abc 

-09+482dc . - . 
12.5±25.1 f 

1O.2± 9.7 

a between pre- and illness period T=6.10, p<O.OOOl 

b between pre- and one-month post-illness T= 1.65, p=NS 

C between pre- and six-month post-illness T=4.03, p< 0.0001 
d between illness and one-month post-illness T=3. 7, p=O.OOOl 
C between illness and six-month post-illness T=24.6, p < 0.0001 

f between one- and six-month post-illness T=24.6, p <0.0001 

During the three-month pre-illness period (fable 23), 17% of the infants lost 

weight; during the index illness, 37% of the infants lost weight; and during the six-

month post-illness period, the number of infants that lost weight declined to 5 %. 
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These figures should be carefully interpreted, as we would expect a higher percent of 

weight loss when examining a fragment of the growth curve. Overestimation of the 

impact of diarrhea on growth rate is likely because catch-up growth may not take 

place during the short observation period. 

Table 23 
Frequency of weight loss surrounding index episodes 

Period 

Three months prior to index episode 
Illness 
One-month post-illness 
Six-month post-illness 

Percent given in parentheses 

Weight Velocity (g/d) 
<0 >0 

6(17) 
16(37) 
9(25) 

2(5) 

29(83) 
26(63) 
27(75) 
36(95) 

Total 

35 
43 
36 
38 

Weight velocities for study and reference infants are shown in Table 24. The 

median daily weight increments in study infants were 17 g, 4 g, 13 g and 8 g in the 

three-month pre-illness, illness, one-month post-illness, and six-month post-illness 

period respectively. During illness, median infant growth was three-fold less than the 

reference infants. 
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Table 24 
Weight velocity (g/d) of study and reference infants by time period 

Study Infants Reference Infants 
- - - - - - - Percentiles -

Period 25th 50th 75th 25th 50th 75th 

Three months prior to index episode 7.4 17.1 24.2 9.8 15.8 19.8 
Illness -15.4 4.0 27.2 5.7 11.7 21.0 
One-month post-illness 0.9 13.3 21.4 -15.4 8.8 38.4 
Six-month post-illness 4.8 7.7 11.2 -11.8 7.1 13.9 

Paired t-tests showed differences in the mean weight velocity between study and 

reference infants during illness and the six-month post-illness period. Reference and 

study infants' weight velocities were not different in the three-month pre-illness and 

one-month post-illness periods. Significant differences of -15 gld and +3 gld 

(p < 0.05) were however, noticed in weight velocities difference during the illness 

episode and in the six-month post-episode period respectively (Table 25). 

Table 25 
Mean relative weight velocity (g/d) of the 43 episodes by period 

Period 

Three months prior to index episode 
Illness 
One-month post-illness 
Six-month post-illness 

* p<o.os 

- - - Relative Weight Velocity -
Mean + SD Range N 

0.9±18.9 
-14.6±46.8* 

2.4+45.1 
3.1 ±9.3* 

-43.0 - 69.9 
- 184.8 - 89.9 
-124.5 - 79.9 

-8.5 - 28.7 

35 
43 
36 
38 
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Data from Table 23 and Table 25 were plotted (Figure 13) to compare the 

differences between study and reference infants and study infants to themselves over 

periods of follow up. The average weight velocity of study infants prior to the index 

episodes was better than the other three periods. Reference infants grew better than 

study infants only during illness. 

PREDICTORS OF WEIGHT VELOCITY 

The analyses in this section are devoted to examining the relationships among 

demographic variables, sanitation, morbidity and food intake and weight velocities. 

The findings are presented in four subsections corresponding to four periods of study 

and aim to quantify the relative effect of different variables on weight gain in each 

period. 

Simple linear regressions and mUltiple regression were conducted to examine the 

impact of each sanitary, demographic, morbidity variable and food groups on weight 

velocity. Although age at the beginning of the episode and weight in the three-month 

period prior to the episode did not show any effect on weight velocities, they were 

forced into all models to control for associations with food intake or morbidity 

variables. To evaluate confounding of the association between weight gain and 

sanitary variables, the effect of each variable was observed when added one at a time 

to the multiple model. Independent variables were dichotomous except for infant age, 

household size (persons), and number of rooms in the household. 



Figure 13 
Average weight velocity of study and reference infants 

prior to, during and after the index episode 
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Analyses were done predicting both study infants' weight velocities and 

difference in weight velocity between study and reference infants. Results were 

similar, so only the weight velocities of the study infants as dependent variables are 

presented. 
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Three-Month Pre-Episode Period. Study infants were not growing differently 

from the reference population in the three-month pre-illness period. The strongest 

predictors of weight velocity were (in a counter-intuitive direction) the cleanliness of 

sewage disposal and the presence of working sewage disposal in the household 

(Tables 26 and 27). Weight velocities of infants from households with clean sewage 

disposal (p=0.03) and with working sewage syste~ns (p=0.04) were significantly 

lower compared to infants from homes without these facilities. There were no 

significant effects of household size, infant sex, birth order or number of adults in the 

household on weight gain, but the presence of adults above 50 years of age in the 

household tended to be positively associated (p=0.07) with increased weight velocity. 

Pre-illness weight velocity of infants living in household with clean working sewage 

was compared to those without clean working sewage. Mean weight velocity was 

insignificantly higher in the five households without clean working sewage. 



Table 26 
Multiple regression model predicting pre-illness weight velocity 

(g/d) of study infants from sanitary variables (clean sewage) 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Clean sewage 

Intercept = 32.64 ± 22.00 
R-square=0.27 
F=3.25 
Significance of F=0.04 

Coefficient 
B+SE 

-0.08±0.04 
2.51±2.92 

-20.37±8.85 

Table 27 

-1.86 
0.86 

-2.30 

p 

0.07 
0.40 
0.03 

Multiple regression model predicting pre-illness weight velocity 
(g/d) of study infants from sanitary variables (functioning sewage) 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Functioning sewage 

Intercept=30.65±23.29 
R-square=0.26 
F=2.755 
Significance of F=0.06 

Coefficient 
B+SE 

-0.08±0.05 
2.66±3.07 

-20.60±9.51 

-1.59 
0.87 

-2.17 

p 

0.12 
0.40 
0.04 

107 



108 

TIlness Period. During the index illness episode, study infants were growing 

significantly less well than the reference children. Demographic and sanitary 

variables were not significant predictors of weight velocity. Simple linear models did 

not show any effect of fever on weight velocity. However, when diarrhea was 

complicated with respiratory symptoms, the illness was associated with a significantly 

lower weight velocity (Table 28). Illness severity indices, namely the number of 

symptoms or illnesses experienced and number of stools per day, were stronger 

predictors of growth (R2=0.38) (Table 29). Dietary variables were the mcst powe:-ful 

predictors of weight velocity (R2=0.46). Breastmilk consumption (n=31) had a 

significant positive influence on weight velocity (p=0.002) followed by cheese 

consumption (n=2, p=0.04) (Table 30). Vegetable consumption (n=6) was a 

marginally significant negative predictor of weight velocity. 

Table 28 
Effect of presence of respiratory illness and fever with 

diarrhea on illness weight velocity (g/d) of study infants 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Respiratory illness 

Intercept=60.00±43.84 
R-square=0.21 
F=3.38 
Significance of F=0.03 

Coefficient 
B+SE 

-0.07±0.08 
-5.02±6.27 

-47.42± 12.52 

t 

0.80 
0.64 
7.33 

p 

0.38 
0.43 
0.01 



Table 29 
Multiple regression model predicting illness weight 

velocity (g/d) of study infants from morbidity indices 

Independent Coefficient 
Variable B+SE t p 

Age (days) 0.08±0.1O 0.68 0.42 
Pre-illness weight -23.18±9.25 6.28 0.02 
Number of diseases 

per episode -27.77±9.18 9.15 0.006 
Number of stools per day -4.61±2.79 2.73 0.11 

In tercept = 209 . 46 ± 68.60 
R-square=0.38 
F=3.81 
Significance of F=O.01 

Table 30 
Multiple regression model predicting illness weight 
velocity (g/d) of study infants from dietary variables 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Breastmilk 
Cheese 
Vegetables 

Intercept =55.94 ±40. 81 
R-square=0.46 
F=5.70 
Significance of F=0.0006 

Coefficient 
B+SE 

-0.19±0.08 
-6.78±6.02 
52.55 ± 15.99 
66.88±31.87 

-32. 70± 18.13 

t 

5.28 
1.27 

10.80 
4.40 
3.25 

p 

0.03 
0.27 
0.002 
0.04 
0.08 
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One-Month Post-TIlness Period. During the month following the index illness, 

the distribution of weight velocity was not statistically different but study infants had 

more variable weight gain than did reference infants. Comparing infants who gained 

less than the reference median (8.8 g/d) to those who gained more than 8.8 g/day, it 

was clear that the first group had a higher percentage of fathers with no formal 

education (52 %) (X2= 11.13, p=0.05) and a higher percentage of episodes with 

reported mucous in stool (X2=3.00, p=0.02) than the latter. No significant 

differences in other independent variables were found. 

Separate models with sanitary and demographic indices showed that fathers' 

education and the presence of adults above 50 years of age in the household were 

strong predictors of weight velocity in the one-month post-illness period. Higher 

educational level of fathers were associated with better weight gain (p=0.04) while 

presence of adults above 50 years of age in the household (p=O.OI) had a negative 

influence on weight gain (Table 31). Duration of the episode and the presence of 

bloody diarrhea were negative predictors of weight changes in the early post-recovery 

period (Table 32). Again, dietary variables were the most powerful predictors of 

weight gain (R2=0.66). Rice/macaroni intake was marginally associated with poor 

weight gain relative to reference infants, and egg intake was negatively associated 

with weight velocity (Table 33). 



Table 31 
Multiple regression model predicting one-month post-illness weight 

velocity (g/d) of study infants from demographic variables 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Fathers' education 
Presence of adults> 50 years 

in the household 

Intercept=30.60±28.34 
R-square=0.37 
F=3.52 
Significance of F=0.02 

Coefficient 
B+SE 

-0.02±0.05 
-1.64±4.11 
2.46+ 1.11 

-37.29±13.41 

Table 32 

0.13 
0.16 
4.87 

7.73 

p 

0.73 
0.69 
0.04 

0.01 

Multiple regression model predicting one-month post-illness 
weight velocity (g/d) of study infants from morbidity indices 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Duration of episode 
Blood in stool 

Intercept =87. 81 ±48.85 
R-square=0.39 
F=3.00 
Significance of F=0.04 

Coefficient 
B+SE 

-0.03±0.06 
-7.02±6.94 
-3.87±2.06 

-42.15± 17.02 

0.28 
1.02 
3.53 
6.13 

p 

0.60 
0.32 
0.08 
0.02 
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Table 33 
Multiple regression model predicting one-month post-illness 
weight velocity (g/d) of study infants from dietary variables 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Rice and macaroni 
Eggs 

Intercept=64.83± 16.45 
R-square=O.66 
F=13.56 
Significance of F=O.OOOI 

Coefficient 
B+SE 

0.03±0.03 
-7.33±2.40 

-16.88±8.89 
-70.00±11.71 

t P 

1.11 0.30 
9.35 0.005 
3.60 0.07 

35.72 0.0001 

A combined model was tested after controlling for pre-illness weight, previous 

diarrheal episodes, infants' gender and age (Table 34). Egg consumption was a 

strong positive predictor of the one-month post-illness weight velocity (p=0.01). 

Households without clean sewage had a significant decrease in weight velocity 
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(p=O.OOI). However, pre-illness weight average (p=O.09), number of stools per day 

(p=0.1) and previous episodes of diarrhea (p=0.2) were marginally significant. 

Six-Month Post-TIlness Period. During the six-month post-illness period, study 

infants showed slightly but significant higher weight gains than the reference 

popUlation. Several demographic predictors were strong predictors of weight 

velocity. Fathers' occupation, number of adults in the household and the age 

difference between parents were significant predictors when entered in a stepwise 

regression model (Table 35). Professional and businessmen had infants with better 



Table 34 
Combined multiple regression model predicting one-month 

post-illness weight velocity (g/d) of study infants 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Infant sex 
Number of previous diarrheal episodes 
Number of stools per day 
Clean sewage 
Eggs 

Intercept = 144. 79±46.11 
R-square=O.64 
F=5.33 
Significance of F=O.OOI 

Coefficient 
B+SE 

-0.003±0.05 
-8.86±5.00 
1.83±1O.59 

-1.23±0.91 
-2.76±1.71 

-44.13± 12.01 
55.95 ±20.03 

Table 35 

t 

0.00 
3.19 
0.03 
1.81 
2.60 

13.51 
7.80 

p 

0.96 
0.09 
0.86 
0.19 
0.12 
0.001 
0.01 

Multiple regression model predicting six-month post-illness 
weight velocity (g/d) of study infants from demographic indices 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Fathers' occupation 
Number of adults in the household 
Age difference between parents 

Intercept =-26. 12 ± 12.76 
R-square=0.37 
F=3.43 
Significance of F=O.OI 

Coefficient 
B+SE 

0.00±0.02 
1.52± 1.52 
3.87±1.36 

-11.57±6.36 
0.74±0.30 

p 

0.00 1.00 
1.00 0.33 
8.05 0.008 
3.32 0.08 
6.03 0.02 
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weight velocity than laborers and those with no jobs (p=0.008). Larger age 

difference between parents was associated with greater velocity of gain (p=0.02). 

Number of adults in the households was a marginally significant (p=0.08) negative 

predictor of weight velocity. Morbidity (percentage of time ill and frequency of 

illnesses episodes calculated from beginning of study to end of six-month period) had 

statistically significant association with weight velocity. Percent of time ill with fever 

and number of fever episodes had negative coefficients while percent of time ill with 

illness other than diarrhea, respiratory and fever had positive coefficients (Tables 36 

and 37). 

Table 36 
Effect of percent of time ill with fever and illnesses other than diarrhea 

or respiratory illness on six-month post-illness weight velocity 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Percent time ill with fever 
Percent time ill with other illnesses 

Intercept = 1.30±9.94 
R-square=0.33 
F=4.12 
Significance of F=0.008 

Coefficient 
B+SE 

-0.001 ±0.02 
1.27±1.46 

-1.16±0.63 
1.40±0.37 

t p 

0.00 0.97 
0.76 0.39 
3.42 0.07 

14.12 0.0007 



Table 37 
Effect of number of episodes ill with fever and illnesses other than 

diarrhea or respiratory illness on six-month post-illness weight velocity 

Independent 
Variable 

Age (days) 
Pre-illness weight 
Number of episodes of fever 
Number of episodes of other illnesses 

Intercept = 14.49± 12.41 
R-square=0.37 
F=3.82 
Significance of F=0.057 

SUMMARY OF RESULTS 

Coefficient 
B+SE 

0.01+0.02 
1.28± 1.46 

-0.69+0.43 
1.76+0.58 

t 

0.21 
0.77 
2.53 
9.18 

p 

0.65 
0.39 
0.12 
0.005 

In summary (Table 38), study infants were more ill than the reference infants, 

particularly with diarrhea. They were sick for 15.9% of child-days of observation. 

Diarrhea contributed to illness by 7.5 % of time. The average diarrheal episodes 

experienced by the study infants was eight episodes or 28 days of diarrhea per year. 
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The average duration of diarrheal episode is 3.5 days. Forty-four percent of the index 

diarrheal episodes were not simple diarrhea but accompanied with other symptoms. 

Number of stools per day were five on average. The food intake of study infants 

was different than the reference population. Breastmilk consumption was higher in 

reference than study infants in all age groups. The percent of reference infants who 

consumed yogurt, sugary fluids, non-human milk, fruits, egg, bread and meat was 
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Table 38 
Summary of multiple regression models predicting weight velocity 

- - - - - - - Time Periods - - - - -

Variables 
Sanitary 
Cleanliness of sewage 
Working sewage system 

Demographic 
Adults > 50 years of age 
Fathers' education 
Fathers' occupation 
Number of adults 
Age difference between parents 

Morbidity 
Percent time ill with fever 
Percent time ill with other 

illnessess 
Number of episodes of fever 
Number of episodes of 

illnesses other than 
diarrhea, respiratory, 
and fever 

Index Episode Descriptive 
Presence of respiratory illness 
Number of stools 
Number of diseases per episode 
Duration of episode 
Blood in stool 

Dietary 
Breastmilk 
Cheese 
Vegetables 
Rice and Macaroni 
Eggs 

Three-Month 
Pre-Illness 

(-) 
(-) 

NONE 
NONE 
NONE 
NONE 
NONE 

NONE 

NONE 
NONE 

NONE 

NONE=means did not have any effect on weight velocity 
(-)=me<ms had a negative effect on weight velocity 
(+) = means had a positive effect on weight velocity 
- = means variable was not tested in this period 

Illness 

NONE 
NONE 

NONE 
NONE 
NONE 
NONE 
NONE 

NONE 

NONE 
NONE 

NONE 

(-) 
(-) 
(-) 

NONE 
NONE 

(+) 
(+) 
(-) 

NONE 
NONE 

One-Month 
Post-Illness 

NONE 
NONE 

(-) 
(+) 

NONE 
NONE 
NONE 

NONE 

NONE 
NONE 

NONE 

NONE 
NONE 
NONE 

(-) 
(-) 

NONE 
NONE 
NONE 

(-) 
(-) 

Six-Month 
Post-Illness 

NONE 
NONE 

NONE 
NONE 

(+) 
(-) 

(+) 

(-) 

(+) 
(-) 

(+) 
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higher than the study infants. However, study infants consumed more sugar, 

pudding, formula, cookies, beans, juices, vegetables and home remedies. Breastmilk, 

sugary fluids, infant formula and sugar were mostly consumed during the first three 

months of life. Cookies, yogurt and non-human milk were added to the previous food 

items at the age of four to six month. Boiled rice and potato were consumed 

frequently in infants older than six months. Breastmilk was consumed more 

frequently during diarrheal episodes than during diarrhea-free days. During illness, 

adult food was replaced by liquids and home remedies .• Non-human milk, eggs, rice 

and/or macaroni and vegetables were not eaten by infants during diarrheal episodes. 

On the other hand, sugary fluids and home remedies which included oral rehydration 

solution, com, and starch water were highly consumed by study infants. Baby food 

was highly consumed by study infants less than three months of age during diarrhea. 

In infants nine months and up, baby food was not consumed during diarrhea. 

Weight-for-age of study and reference infants remained above the U.S. reference 

means until four months of age, when it fell below the U.S. reference mean. The 

decrease was more rapid in boys than in girls in both study and reference infants. 

The decrease was earlier in onset and more severe in study infants than in reference 

infants. 

Study infants' weight velocities differed over time periods. Velocity of gain was 

the lowest during illness, was significantly lower in the illness period than the other 

three study periods. Pre-illness weight velocity was not statistically significant when 
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compared to one-month post-illness but was different than the six-month post-illness 

period. 

Comparing the weight velocity of study infants in each period to the 

corresponding reference weight velocity, study infants were statistically lower in 

weight velocity during index diarrheal episodes compared to reference infants around 

the same age. 



CHAPTER 5 

DISCUSSION 
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The present study conducted on 34 infants in an underprivileged urban 

community in Cairo, Egypt described the short-term effect of diarrheal episodes, 

feeding practices and socio-demographic-sanitary environment on velocity of weight 

gain. 

The patterns of weight gain suggested that both study and reference infants were 

growing comparably to U.S. reference population during the first three months of life. 

Weight gain began to falloff and faltering became common between three and six 

months. These results are comparable to those observed previously in Kalama, Egypt 

(Galal et al., 1987). The substantial decrease in weight gain of the study infants could 

be explained either by insufficient nutrient intake or high rates of infection, or both. 

Consistent with previous studies, the illnesses observed most frequently were 

diarrheal diseases and respiratory infections. The incidence rate for diarrhea was 

high; on average a child experienced eight episodes of diarrhea per child-days of 

observation in one calendar year. The mean duration of an episode was 3.4 days for a 

total of 28 days. The percent of time sick was diarrhea was 7.5 %. In CRSP study, 

infants less than six months of age were sick with diarrhea 11-30% of the child-days 

of observation. The mean number of illness episodes per infant (in six months) was 

5.9 with a mean duration of 6.2 days (Galal et aI., 1987). Thirty-two percent of 

infants had no diarrhea in the first six months. The incidence in CRSP data is higher 
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than our results because of age difference between two groups (0 to 6 months of age 

versus 2 to 13 months). The CRSP results were from rural infants who are expected 

to experience more infection and have a poorer sanitary environment. However, our 

findings are similar to the results from Peru (Lopez de Romana, 1989) who reported 

an incidence rate of ten episodes per child-year and a duration of five days per 

episode. Briend et al. (1989b) reported an incidence rate of 3.6 episodes per year and 

a mean duration of eleven days. The average Bangladeshi infant suffers from three to 

five episodes during early years of life with each episode lasting three to five days for 

a total of 9 to 25 days a year (Khan and Ahmad, 1986). 

The impact of diarrheal diseases and feeding patterns on weight changes has been 

studied previously, with conclusions ranging from negligible to fairly substantial 

effects (Rowland et al., 1977; Bairagi et al., 1987; Zumrawi et a1., 1987a; Rowland 

et al. 1988; Briend 1989b). In the present study, weight velocity of infants sick with 

diarrhea was three-fold less than weight velocity of the reference infants. Diarrheal 

diseases resulted in a deviation of weight velocity from the reference Egyptian infants 

by -15 g/d. These findings support the conclusions of previous studies by Rowland et 

al. (1977); Bairagi et al. (1987); Zumrawi et al. (l987a); Rowland et al. (1988); and 

Briend et al. (1989b). Zumrawi et al. (l987a) found that the effect on weight gain of 

one day of diarrhea was -32 g, that is an average of a weight loss of 13 g compared 

with an expected gain of 18 g. This is larger than the deficit in weight gain found by 

Rowland et al. (1977) of -25 gld of illness for the effect of gastroenteritis in 

somewhat older children aged 6 to 36 months. 
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Weight velocity of study infants in this study was similar to Sudanese and lower 

than Gambian infants. This difference can be explained by the increased burden of 

diarrhea in Gambian infants who experienced diarrhea 14 % of child-days observed. 

On average the Sudanese infants were ill 6% of the time with diarrhea, and Egyptian 

infants in the present study experienced diarrhea 7.5% of the time. In our study it is 

not possible to quantify the extent to which decreased weight velocity was due to 

dehydration versus loss in body mass. Further studies are needed to investigate the 

relationship between diarrheal diseases and body composition focusing on signs and 

symptoms of diarrhea and dehydration, pre-illness nutritional status and changes in 

mid-arm circumference and subcutaneous fat measurements. 

The present study also attempted to determine whether poor growth during the 

index diarrheal episodes was followed by a period of catch-up. If conclusions are to 

be drawn about weight changes of infants in deprived environments, it is necessary to 

have suitable reference data. In this study, to guard against differences between 

infants and within infants, the analysis was done by comparing study infants to: 

(1) a local reference group of the same age and sex, and (2) in longitudinal format 

with each infant as hislher own control. One-month post-diarrheal weight velocity 

was compared to weight velocity during the diarrheal episodes. Weight velocity 

during the first month post-illness was not different from the three-month pre-illness 

weight velocity of the same infants or from weight velocity of the counterpart 

reference infants. Weight velocity after diarrheal episodes returned to normal (2 gld 
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less than pre-illness weight velocity) (Figure 13). If catch-up growth had occurred, a 

greater than average one-month post-episode weight gain would be expected. This 

finding indicates that the study infants did not experience the catch-up growth 

phenomenon reported previously by many investigators. Ashworth (1969) stated that 

weight gains during adequate refeeding in the undernourished can reach 15 times the 

normal rates. Studies from Uganda and Jamaica showed that during the hyperphagic 

period following anorexia, children consumed approximately twice normal intake until 

the weight-for-height ratio of the child had returned to a normal value (Beisel, 1977). 

Studies that have analyzed data longitudinally by dividing it into diarrhea and 

diarrhea-free intervals need careful interpretation of the results (Black et al., 1984a; 

Bairagi et al., 1987; Briend et al., 1989b; Schorling et al., 1990). This analytical 

approach enhances the apparent effect of illness, as these diarrhea-free periods may be 

catch-up periods. 

The six:month post-illness weight velocity of study infants was slightly higher 

than that of the reference infants. Percent time sick with fever and respiratory 

ailments contributed to lower six-month post-illness weight velocity. Reference 

infants experienced more respiratory symptoms and fever when compared to study 

infants. The decrease in weight velocity of reference infants than study infants during 

the six-month period could be explained by the increased percent of time ill with fever 

and respiratory infection in reference group. Besides the index episodes were 

experienced during summer, and the six month post-episodal period was winter where 

respiratory infections are higher and are usually of viral origin with high fever. 
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Percent time ill with diarrhea and frequency of diarrheal episodes showed no 

association with six-month post-illness weight velocity. This finding is supported 

with the conclusions of both Bairagi et al. (1987) and Black et al. (1984a), who 

analyzed relatively long-term data. Black et al. (1984a) reported no relation between 

diarrhea and weight gain over a 12-month interval, and Bairagi et al. (1987) reported 

no effect on weight or height gain after eight months of follow-up. 

Instead of the literature based proposed model, the current study presents three 

models predicting weight velocity in the three study periods, illness weight velocity . 
(Figure 14), one-month weight velocity (Figure 15) and six-month weight velocity 

(Figure 16). 

In this analysis we attempted to measure and adjust for causes of weight changes 

that might confound the relationship between diarrhea and weight velocity, such as 

environmental factors. Poor hygiene might increase the risk of diarrhea. Esrey and 

Habicht (1986) have suggested that anthropometric indicators are as sensitive as 

diarrheal indicators to sanitary improvement and can be measured more precisely. 

However, this study failed to demonstrate a relationship between environmental 

variables and weight velocities except during the three-month pre-illness period. 

Evaluation of a latrine program in Lesotho showed that children from households with 

a latrine had better height-for-age than those in households without latrines (Daniels et 

al., 1990). In Bangladesh, where nutritional status is particularly poor, no such 

impact by improved water and sanitary facilities was detected despite a significant 

reduction in diarrheal diseases (Hasan et al., 1989). Zumrawi et al. (l987c), though, 



Figure 14 
Final model predicting weight velocity during illness 
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Figure 15 

Final model predicting weight velocity one month post-illness 
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Figure 16 
Final model predicting weight velocity six-month post-illness 
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found that sanitary and environmental variables such as house type, water supply, 

toilet, kitchen, sewage and good ventilation had significant associations with weight 

gain during the first three months of infants' lives. 

127 . 

Between three and six months of life fewer variables showed any association, and 

in all cases the direction of the association was the opposite to that exerted before 

three months. 

In the present study, clean and functioning sewage disposed in the house was 

associated with weight velocity in the three-month pre-illness period; but when a 

combined model including morbidity, dietary, social, and sanitary indices was tested, 

this same variable was negatively associated with one-month post-illness weight 

velocity. None of the other household environment variables (owning of appliances, 

water supply, water storage, separate kitchen and bath) showed any relationship to 

weight velocity. This confirms the need to identify effective variables for assessment 

of the household and sanitary environment in further studies, e.g. the presence of 

television in the household would suit a rural study, whereas in urban studies the 

variable might be modified to presence of colored television set. The counterintuitive 

negative effect of having clean, functioning sewage could be specific to the period of 

the study. During this period, a water construction project to increase water supply to 

the area was underway, accompanied by severe and repeated water shortages and 

sewage dysfunction. 

In the CRSP study it was found that sanitation and hygiene were related 

positively and significantly to average weight and height, that is, taller children came 
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from households with better sanitation/hygiene scores. Sanitation scores were related 

to socioeconomic status and to household size with lower SES and larger size 

associated with poorer sanitation scores. Morbidity variables (percent of days with 

illness, percent of days with diarrhea) were unrelated to SES, household size or 

sanitation scores (Galal et al., 1987). 

In the present study, the number of adults over 14 years of age in the household 

was negatively associated. with six-month post-illness weight velocity. This might 

reflect poverty, increased crowdeding, and unhygienic living conditions. The 

presence of adults above 50 years of age (three households) in the household had a 

negative relationship to weight velocity in the one-month post-illness period. The 

positive role of grandparents in the Egyptian household in relation to child health was 

reported previously by Harrison et al. (1988). The assistance offered by grandparents 

in the household can allow the mothers to spend more time with the children. The 

negative effect in our study could be explained by interference in decision making 

(Harrison and Zaghloul, in press). On the other hand, the small number (four 

grandparents) limits the certainty of the conclusion. 

Fathers' education and occupation had positive associations with infants' weight 

velocity during the one-month and six-month post-illness periods respectively. This 

finding confirms the ethnographic findings. Higher level of education of fathers is 

associated with holding governmental jobs (shorter work day) and providing 

opportunity for greater involvement with their children. It also may reflect mothers' 

education or social standards, as there is a higher probability that an educated man 
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will marry an educated woman. Parents' age difference (father-mother) was found to 

be associated with increased six-month post-illness weight velocity. This may be 

related to decision-making patterns. With the recent number of men working in Gulf 

countries, both men's and women's age of marriage has been delayed, and a larger 

age difference may, therefore, reflect better income. 

Descriptives of the index diarrheal episodes and food intake were the only 

variables associated with weight velocity during illness. More frequent stools and the 

presence of respiratory or other symptoms with diarrhea produced more severe effects . 
on weight velocity. Diarrheal episodes with bloody stools and of long duration were 

strong predictors of one-month post-illness weight velocity. These findings are 

supported by results from Bangladesh (Briend et aI., 1989b) which reported a larger 

decrease in weight gain in cases of watery diarrhea. History of previous episodes of 

diarrhea, which has been thought to be a strong predictor for diarrhea (Zumrawi et 

aI., 1987b; Chowdhury et al., 1989), did not show any effect in our present study. 

However, previous episodes of fever and percent of time ill with fever were 

negatively correlated with the six-month post-illness weight velocity and positively 

correlated to percent time ill with symptoms other than fever, diarrhea and 

respiratory. Similarly, Becker et al. (1991) reported that average monthly weight 

gain was negatively correlated with percent days with fever and diarrhea. The child's 

nutritional status appeared to exert little influence on subsequent weight velocity. 

These analyses assessed the importance of food intake in the etiology of growth 

faltering during and one month after diarrhea in Egyptian infants. The food intake 
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data were qualitative, so dummy variables for consumption of each food item were 

created and entered into the regression model. Stepwise regression showed only a 

few foods with statistically significant coefficients. Breastmilk and cheese 

consumption were associated '.vith improved weight velocity during diarrhea; 

vegetables were associated with lower weight velocity. One-month post-illness weight 

velocity was negatively associated with intake of rice/macaroni and eggs. The diet of 

the study infants during the index diarrheal episodes differed from diarrhea-free days 

in that adult foods were restricted and breastmilk was encouraged. Infants' intake of 

herbal teas or sugary fluids was reported to be increased during diarrhea in infants 

older than nine months, and at the same time their· intake of non-human milk and solid 

foods was reported to be lower. These findings are similar to those reported by 

Huffman et al. (1991) in Peru and Dickin et al. (1990) in Nigeria. Dickin et al. 

(1990) reported that solid foods from the adult diet are the most vulnerable to 

variation of intake with illness, and children who were consuming these foods 

regularly during periods of health are likely to suffer dramatic fluctuations in energy 

intake during periods of illness. The acceptance of breastmilk during diarrhea might 

be explained by the dehydrated state of the sick infants, but a more powerful 

explanation for the increase in breastfeeding during diarrhea is the possible effect of 

mass media encouraging mothers to continue breastfeeding during diarrhea. 

These qualitative data did not allow quantification of the intake. The qualitative 

change in foods consumed may be accompanied by changes in quantity. To capture 

quantitative changes in food intake during diarrhea, a study using a combination of 
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both food frequency questionnaire and 24-hour food intake in days sick with diarrhea 

and diarrhea-free days is needed. Further studies are needed to find out the dietary 

practices which promote or improve diet during diarrhea. Studies are also needed to 

investigate the difference in growth between "breastfed/liquid fed" and "solid fed" 

infants during and after diarrhea. 

The design of the current study has several limitations in capturing complete 

changes in post-illness weight velocity. Small sample size, the absence of quantitative 

food intake data, the absence of body composition measurements as mid-arm 

circumference and subcutaneous fat, and the absence of data on causative organisms 

limit our ability to draw a complete picture. 

The previously proposed model was found to be inaccurate for these Egyptian 

infants. Previous diarrheal episodes, age, pre-diarrheal weight, gender and poor 

sanitary environment did not affect post-diarrheal weight gain. Food intake had a 

powerful effect on illness and post-illness weight gain velocities, and socioeconomic 

variables showed minor but significant effects on the weight velocity one month after 

diarrheal episodes. Possible mechanisms for explaining post-illness weight velocity 

changes in Egyptian infants are shown in Figure 17. The new model suggests the 

development of a scoring system for sanitary, socio-demographic-economic variables, 

where all variables are categorized, scaled and then a scoring system is developed. 

Also the new model proposes the detection of causative organisms. The organism 

recognition will facilitate the interpretation of symptoms accompanying diarrheal 

episodes. Age, gender, pre-illness weight and dehydration are included in the model 



Figure 17 
Suggested model of diarrhea on post-illness weight velocity 
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to control for associations with food intake and morbidity variables. Expansion of 

current research is also needed to determine if breastmilk consumption is significant 

because of its role in fluid replacement, nutrient replacement or both. Effect of 

diarrheal diseases on solid fed and fluid fed infants is included as an explanatory 

mechanism of post-illness weight velocity. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The results of the present study suggest that: 
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1. Diarrhea was accompanied by a decline in velocity of weight gain. The mean 

effect of one day of diarrhea on weight velocity was -0.9 g, that is an average of 

weight loss of 15 g/d compared with weight gain of reference infants and 16 gld 

deficit compared to pre-illness weight velocity. 

2. The illness episode was followed by a return to the pre-illness weight velocity, 

with no catch-up growth in the one-month post-illness period. 

3. Velocity of weight gain following the illness was not influenced by diarrheal 

episodes prior to the index episodes. 

4. Complicated episodes (multiple illnesses/symptoms, longer duration, having 

blood in the stool) had a negative effect on velocity of weight gain during the 

illness and during the month afterwards. 

5. We conclude that caretakers play an important role in growth of infants. 

6. Breastfeeding was positively associated with weight velocity during illness. 

Consumption of rice and/or macaroni and vegetables was negatively associated 

with illness and one-month post-illness weight velocity. We can conclude that 

solid fed infants are most likely to be affected. Consumption of solid food is 

associated with lower weight gain during the one-month post-illness period. 
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7. Higher level of formal education and occupation of fathers was positively 

associated with one-month post-illness weight velocity. Professional and 

businessmen had infants with better weight velocity in the six-month post-episode 

period. 

8. Presence of adults above 50 years of age was negatively associated with one

month post-illness weight velocity. 

9. A larger age difference between parents was associated with greater velocity of 

gain. 

10. Percent of time sick with fever have a negative impact on weight velocity of six

month post-diarrheal episode. 

In conclusion, diarrhea in this group of infants had a transient effect on weight 

velocity. Breastfeeding during diarrhea is important for child growth. The most 

severely affected infants were those consuming adult/solid foods. Intervention 

programs are needed to improve the feeding of these target infants during diarrhea, 

rather than focusing on the illness itself. 
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APPENDIX A 

DATA COLLECTION FORMS 



Form -Initial Contact Form 

Code: Yes=l 
No=2 
Missing=9 

Interview ID: 
Site 
Infant Name: 

Interviewer Name: 
Date 
Infant ID 

Name of target pregnant women or mother: 

1) Is the target woman pregnant? 

2) Expected date of delivery? 

3) Is the woman interested in the study? 

4) Is there newborn in home between less than 8 weeks? 

5) Is mother breastfeeding newborn? 

6) Is birth date known accurately? 

7) What was the date? 

8) Is there another pregnant woman in household? 

9) Expected delivery date 

10) Date when another visit appropriate 

11) ID number assigned to infant 

12) Interviewer's comments: 

13) Address/directions to household: 

14) Name of Daya or other referral: 
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Yes No 

Month 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 



Form -Demographic Form 

Code: Yes=l 
No=2 
Missing=9 

Interview ID: 
Site 
Infant Name: 

1) Sex: 1 =male 2=female 

2) Age (days) 

3) Birth date 

a) Verified? 

4) Birth order 

5) Age of previous child (month) 

6) Number of household members 

7) Number of adults (> 14 y) 

Interviewer Name: 
Date 
Infant ID 

How? 
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Form -Relationship of persons to target infant Form 

Name Sex Age 
1 = male 
2=female 

Date Occupation 
of birth 

Education Read/write Relation 
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Form -Environmental Form 

Code: Yes=l 
No=2 
Missing=9 

Interview ID: 
Site 
Infant Name: 

1) Number of rooms in the house 

2) Separate bathroom 

3) Separate kitchen 

Interviewer Name: 
Date 
Infant ID 

4) Piped water available in the house 

5) Pipe water available in the courtyard or building 

a) If no, where is the water source? 

b) Is water stored in containers in the house? 

c) Are containers closed? 

7) Are sewage disposal facilities available in house? 

8) Are these facilities clean? 

working? 

9) Does the family own a stove? 

10) What kind of cooking facilities are available? 

11) Does the family own a television? 

12) Does the family own a radio? 

13) Does the family own a closet? 

14) Does the family own a washing machine? 
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Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 



Form -Anthropometry Form 

Code: Yes=l 
No=2 
Missing=9 

Interview ID: 
Site 
Infant Name: 

Weight with clothing (gm) 

Weight of clothing (gm) 

Net weight (gm) 

Interviewer Name: 
Date 
Infant ID 
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Form -Morbidity Form 

Code: Yes=I 
No=2 
Missing =9 

Interview ID: 
Site 
Infant Name: 

1) Infant diseased 

Interviewer Name: 
Date 
Infant ID 

2) Does the infant have had in the last week: (circle the days) 

Fever 1 2 3 4 5 6 

Respiratory 1 2 3 4 5 6 

Diarrhea 1 2 3 4 5 6 

Other 1 2 3 4 5 6 

3) Diarrhea: 

a) onset: 1- gradual 2-abrupt 

b) How many times per day 

c) Consistency of stools I-watery 2-loose 3-semisolid 

d) Color of stools I-yellow 2-green 3-brown 

e) Odor of stools 1- not offensive 2-offensive 

f) Blood in stools Yes No 

g) Mucous in stools Yes No 

h) Vomiting Yes No 

Number of episodes of vomiting 

Definition of illness (in mother's own words) 
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Yes No 

7 

7 

7 

7 



Form -Food Intake Form 

Code: Yes=l No=2 Missing=9 

Interview ID: 
Site 
Infant Name: 

Interviewer Name: 
Date 
Infant ID 

What did the infant consume in the last 24 hours 
(short list for infants) 

Food Name Food Code Amount (gm) Frequency 

1) Were any changes made in the diet in the last week? 

2) What were these changes 

3) Why were these changes made? 

a) due to 

b) during 

c) following 

4) Is the mother still breastfeeding? 

a) If not, why not 

5) Is she pregnant 

Observation on feeding ~vents 
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Yes No 

Yes No 



Form -Exit Form 

Code: Yes=l 
No=2 
Missing =9 

Interview ID: 
Site 
Infant Name: 

1) Cause of exiting: a) mother 

2) Mother: 

Divorce 

Death 

Leaving area 

Serious illness 

U ncooperati ve 

B) Child: 

Serious illness 

Death 

Artificial feeding 

C) Finished study 

Number of weeks in study 

Absent of missed data: 

Date: 

Interviewer Name: 
Date 
Infant ID 

b) child 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
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No 

No 

No 

No 

No 

No 

No 

No 

No 



APPENDIXB 

FOOD GROUPING LIST 
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The twenty one food groups are: 

Group 1 : 

Group 2: 

Group 3: 

Group 4: 

Group 5: 

Group 6: 

Group 7: 

Group 8: 

Group 9: 

Group 10: 

Group 11: 

Group 12: 

Group 13: 

BREASTMILK 

SUGAR 

YOGURT 

PUDDING: 'MEHALABIA' or milk pudding, riri 

MILK FORMULA 

SOUPS: vegetable soup, 'lesan el asfour' or nodules soup 

SUGARY FLUIDS: mint, 'helba' or fenugreek, herbs, anisi, calma 

baby, telio, beverage, tea, caraway, soft drinks, cumin 

COMMERCIAL BABY FOOD: cerelac, milupa, galactina, bledene, 

Gerber 

MILK: buafflo and cow milk 

SNACKS OR JUNK: 'karma' or cheese ball, popcorn, chocolate, ice 

cream, cream, cookies, candies 

JUICES: tomato juice, fruit juice, carrot juice, lemon lime soda 

mango juice, orange juice, guava juice, 'karkade' or hibiscus, apple 

juice 

BEANS: 'homos' or garbanzo, 'foul' broad beans, chick pea, peeled 

lentils, 'falafel' or fava beans dough (fava beans mixed with vegetables 

as onion, parsely, leeks), lupine, kidney beans 

FRUITS: apricot, black date, red date, watermelon, banana, melon 

apple, mango, peach, pears, strawberry, grape, figs, orange 



Group 14: 

Group 15: 

Group 16: 

Group 17: 

Group 18: 

Group 19: 

Group 20: 

Group 21: 

EGG: egg yolk, boiled egg 

BREADS: 'balady bread' or whole wheat pita bread, 'rural bread', 

white bread, grain prod, roasted toast 
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RICE AND MACCARONI: 'latta' or (a mixture of bread, rice, broth 

and tomato sauce), 'mahshi' or stuffed vegetables, 'koshmy' or 

(mixture of lentils, rice, maccaroni and carbanzo), boiled rice, 

maccarom. 

VEGETABLES: black eggplant, okra, peas, cooked vegetables 

cabbage and cauliflower, colcacia, spinach, boiled potato, sweet 

potato, table food, tomato, green beans, jews mallow 

DESSERT: jam, honey, mollases, 'halava rehini' or a seasame sweet 

paste, cake, 'kona!a' or shredded wheat cooked with butter, nuts and 

syrup, ' katafi' or dough from flour stuffed with nuts and dipped in 

syrup. 

MEAT & CHICKEN: beef, rabbit, duck, liver, chicken, meat proSLL5 

chicken liver, kofta, lowfat fish, type fish 

CHEESE: 'greek cheese' or fetta cheese, processed cheese, cheese 

with 'mish' or salty cheese with jalepeno 

HOME REMEDIES: starch only, rice water, carrel, ORS or oral 

rehydration solution, corn flour. 
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