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ABSTRACT 

Previous studies failed to report benefits of prolonged breast feeding 

on nutritional status. A nationally representative sample of 1411 

children from Sri Lanka (1987) was used to compare breast feeders versus 

non breast feeders, as weIL as duration of breast feeding, through 

multivariate analyses for height-foi-age, weight-for-age and weight-for­

height Z-scoree. Analyses of interaction showed prolonged breast 

feeding to be advantaqeous among children of workinq mothers, and 

children from houeeholds using an unimproved water supply. For example, 

children 35 monthe of age, breast fed for 24 versus 8 months were 0.9 

centimetres (95% confidence intervali +0.0, 1.8) taller if mothers 

worked and 420 grams (140, 690) heavier if households used an unim~L'oved 

water s~pply. Among uneducated mothers breast fed children were 1.3 cm 

(2.2, 3.3) shorter than non breast fed children. Prolonged breast 

feeding should be encouraged as it ie advantageous for the nutritional 

status of certain subgroups of children oider than 12 months of age. 
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RESUME 

~es études antérieures ont échoué à démontrer les avantages de 

l'allaitement pour une dureé prolongeé sur le statut nutritionnel des 

enfante. Un echantillanage représentatif de 1411 onfants du Sri Lanka a 

éte utilisé pour faire une comparaison entre les mères qui ont allaité, 

celles qui n'ont pas allaité ainsi que la dureé qu'elles ont donné le 

sein. Les analyses mutivarieés ont employé la grandeur, le poids at la 

grandeur vis-à-vis poids selon l'âges (Z-Score) des enfants. L'analyse 

des interactions a indiqué qu'allaiter les enfants pour une période 

prolongeé est avantageux quand les enfants viennent de familles où la 

femme tra'/aille et dont la famille reçoit de l'eau pauvre qualité, Les 

enfants âges de 35 mois et allaité pendant venant de familles où la 

femme travaille pendant 24 mois étaint 0.9 centimètres (95\ Confidence 

de interval; +0.0, 1.8) plus grand ~~e ceux qui ont été allaité pendant 

seulement 8 mois. Ces mêmes enfants pesaient 420 grammes (95%CI; 140, 

690) de plus lors qu'ils venaient d'une famille où l'eau était èe pauvre 

qualité. Parmi les mères non-scolariseés, les enfants allaités 

mesuraient 1.3 cm de moins (95%CI; 2.2, 3.3) que ceux qui n'ont pas été 

allaité. Pour certains groupes d'enfants âges de 12 mois et plus 

l'allaitement devrait être encouragé afin de faire profiter tous les 

avantages de l'allaitement au nivea\) du status nutritionnel • 
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{ CHAPTER ONE: INTRODUCTION 

1. OVERVIEW 
The effect on growth, of breast feeding a child for more than 

twelve months, has been studied but without adequate control of 

confounding variables and consideration of effect modifiers. This 

thesis will address the effect of breast feeding on the growth of 

children 12 to 36 months of age. This issue will be exarnined through a 

secondary data analysis of the considerable information collected in the 

Sri Lanka Demographie and Health Survey (DHS). 

The remainder of chapter one contains an introduction into 

prolonged breast feeding and background information on Sri Lanka. 

Chapter two is a review of literature in the measurement of nutritional 

status, child morbidity and mortality, breast milk quality, and the 

effect of prolonged breast feeding on growth. Chapter two also includes 

the objectives ~1 the present study. Chapter three covers the methods 

used for this secondary data analysis. Chapter four presents the 

results of the analyses. The final chapter, five, is the discussion of 

the results. 

Il. INTRODUCTION 
It is generally recognized and understood that breast feeding and 

sound weaning practices decrease morbidity. Decreasing morbidity in 

turn decreases mortality, which is an endpoint of concerne 

The infant mortality rate in developing countries is alarmingly 

high (1). An underlying cause of this mortality is malnutrition. A 

five point strategy was proposed by the World Health Organization, to 

ensure the health of aIl children and reduce infant mortality rates. 

This strategy included promotion of breast feeding and sound weaning and 

dietary practice (2). 
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l Breast feeding, a natural way of feeding, ta highly prevalent in 

developing countries (3). The many advantages of breast feeding during 

the first few months of an infants' life are weIl documented. Breast 

milk is a safe, clean source of high quality nutrients that includes 

added immunological benefits. Breast milk alone ie sufficient to meet 

an infant's needs for growth up to the first four to six months of life 

(2, 4, 5, 6, 7, 8). 

Growth is a process from conception onward, which ia affected by 

numerous interrelated factora, including breast feeding. As the infant 

grows older, the effect of breast feeding on growth becomes difficult to 

isolate from other factors, such as nutritional adequacy of supplemental 

foods and infections (9). The most severe faltering in growth ueually 

occurs in the transitional weaning period which ia during the second 

half of infancy, 6-18 monthe of age (9). 

A. PROLONGED BREAST FErnlNG IN DEVELOPING COUNTRIES 
Breast milk, including mature breast milk, ie an important source 

of nutrients and ho st resistant factors. It hae a positive effect on 

growth through the nutrienta that it providee and by decreasing rates of 

infection. Breast fed children are less exposed to dieeaee and also 

benefit from the immunities that breast milk provides. 

Infants' feeding duration and choice are tied to maternal and 

infant behavior, nutritional and health status, and cultural norme (la). 

The impact of prolonged breaet feeding on growth faltering is not clear. 

Prolonged breast feeding ie defined as supplemental breast 

feeding, along with other foode, of children over twelve montha 

of age (11). 

Weaning is defined here as the complete termination of breast 

feeding. It does not refer to the initial introduction of 

foode while the child is still on the breaat (12). 

1-2 
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Although introducing foode, other than breast milk, to a child's diet 

gives additional sources of nutrients, it can also introduce problems 

related to hygiene and sanitation. 

Due to the large number of factors involved, the age when breast 

milk alone becomes inadequate to completely meet all nutritional 

requirements for satisfactory growth varies between populations and 

between individuals within a population (9). However, breast milk 

produced during late lactation -- up to two years -- is a valuable 

nutritional supplement in the diet of a growing child (4, 5, 13, 14, 15, 

16, 17). 

Determination of the volume and composition of breast milk in 

poorly nourished c~mmunitie2 should take into account ecological 

circumstances affecting both mother and infant (9). Although milk 

volume may decrease during the second year the overall proportion of 

protein, fat, and carbohydrate does remain the sarne in the milk of 

poorly nourished mothers(S). 

Even after weaning foods are introduced, breast milk continues to 

be a critical source of energy, complete protein, nutrients, and 

immunologie components. Breast milk has many host resistance factors 

against tetanus bacillus, enteropathogenic E. Coli, salmonella, ~ 

pneumonia and the influenza virus. It also contains lysozyme, an active 

enzyme, which has a bactericidal effect (15, 18). 

B. SRI LANKA: COUNTRY BACKGROUND 
The rates of breast feeding are high weIl into the second and 

third years of a child's life in Sri Lanka. The Sri Lankan peoples' 

food and nutrition beliefe and practices are presented first. Next, the 

weaning practices of the Sri Lankan people are discussed. Then, to get 

a picture of the country, the geography and location are described. 
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1. FOOD AIID NUTRITION 

In Sri Lanka there is a food distribution system that attempts to 

provide food security to the population (19). Sri Lanka is self­

sufficient in the production of one of the staple foods, rice (19). 

Rice was found to be the main source of energy and protein in a 

study using data collected from secondary sources, from 1965-1980 (20). 

Wheat flour and fish were the other major sources of protein. However, 

one of the cheapest sources of prote in was pulses, which are not widely 

eaten. Also, it was found that there was up to four times higher 

consumption of animal protein in urban sectors. 

In southern Sri Lanka, a study examining seasonal variations in 

major crops and their relation to food shortages found that periods of 

food shortayes occurred before the cultivation of rice (21). The 

shortage is most severe during February to March and July to August, 

which are the prc-harvest seasons. It was also found in this study that 

the typical villag~ meal consists of rice and one to three dishes of 

vegetables, fruits and fish. This type of meal should be served three 

times per day to achieve adequate energy. However, rural workers and 

peasantB can often only afford rice for two of the three meals in a day 

(21) • 

In another study, Wandel examined the traditional knowledge of 

food and nutrition in Sri Lanka and found that it was organized around 

the Ayurvedic medical system (22). In this system, people distinguish 

foods by classifyinq them as "hot" or "cold". Physical health is 

maintained when the body is in balance (22, 23). In times of illness 

balance is maintained by eating foods that are opposite to that of 

diseases (22, 23). In this study Wandel included a list of foods, which 

were classified as hot, cold and neutral (22). Hot foods include 

starchy foods, dried foods, tomatoes, mangoes, other acidic foods and 

foods considered to have a poisonous effect, such as manioc and 

mushrooms. Cold fooès include liquids, and vegetables with a high water 

content, sur.h as green leafy vegetables. Foreign foods, and rice and 

breast milk are classified as neutral. Meat is avoided by many people 
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for religious and economical reasons. In addition, Wandel found that 

m~ny factors such as availability, husbands' and children's' preferences 

hlwe a stronger influence than adherence to the hot and cold system 

(2~l) • 

2. WEANIRG PRACTICES 

In general, the type of weaning food chosen, age of introduction 

and reasons for introduction vary greatly and depend On interrelated 

factors including culture, food availability, socio-economic status, and 

health of the infant and mother (9). In a review of timing of 

complementary feeding it was concluded that there is "overwhelming 

evidence" showing that introduction of foods and liquid increases the 

risk of diarrheal diseases, especially in poor communities, starting at 

infancy (8). In this review, it was concluded that the best indicator 

of the need for complementary foods was growth faltering (8). In 

addition, a step towards understanding infant health and malnutrition 

was knowing the beliefs and practices of infant feeding in that area 

(24). 

In Sri Lanka, one of the few times the hot anc'I cold system was 

found to exert any influence was during infancy (22). Breast milk was 

considered superior by both Ayurvedic doctors and mothers for the first 

year. Formula was considered hot and was discontinued if the child got 

aick. In addition, hoc fooda were generally not given to children (22). 

Foods that were considered as good for weaning were biscuits, ash 

plantains, cow's milk and curd, all neutral or slightly cool fooda, and 

foods introduced during colonial times, such as potatoes and carrots. 

From the results of the Sri Lanka Demographic and Health Survey, 

45\ of infants aged 0-4 months are given breast milk and supplement, 

about 39% are given breast milk and water, 12% are exclusively breast 

fed and the remaining infants are nct breast fed at al.l (17). 
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3. GBOGRAPBY ABD DENOGRAPBY 

Sri Lanka, formerly known as Ceylon, is an island off the south 

eastern coast of India. It has an estimated population of 16.2 million 

(19). It is 435 kilometres long and 225 kilometres wide(19). 

Sri Lanka has three climatic zones. The wet zone, in the south 

western part, has two annual monsoons. The dry zone, in the northern 

and eastern parts, depends on surface water for irrigation for over half 

of the year. The intermediate zone covera the south western hills. 

Sri Lanka gained independence from Britain in 1948. Government 

policies have emphasized social development in areas of literacy, health 

services, and access to food; over time these have resulted in a low 

infant mortality rate (34/1000 births). Deepite emphasis on 

manufacturing, the economy remains predominantly agricultural (25). 

More than half of the population in Sri Lanka ie concentrated in 

the wet zone. However, there has been a shift into the dry zone after 

improvement of the irr:i.gation systems, and the eradication of malaria 

( 19) • 

C. SUMMARY 
Sri Lanka is a developing country in Asia where rates of breast 

feeding and malnutrition are high. Therefore, information collected as 

part of the Sri Lanka DHS will be analyzed to determine the 

relationship, if Any, between breast feeding children over 12 month~ of 

age and nutritional status. Breast milk is an important source of 

nutrients and immunological factors protecting an infant, lesB than 

twelve months of age, against disease and malnutrition. Prolonged 

breast feeaing may have similar benefits for a child over the age of 

twel ve months. 
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( , CHAPTER TVO: LITERATURE REVIEN 

Chapter two is a literature review of the areas assoeiated with 

breast feeding children over twelve months of age and with nutritional 

status. The measurement of nutritional status, child morbidity and 

mortality in developing countries, and breast milk quality after the 

first year are examlned. Then a proposed biological model of the link 

between pro1onged breast feeding and nutritional status is presented. 

This is fo1lowed by a review of the effect of breast feeding on the 

nutritiona1 statue of children, above twelve months of age. Fina11y, 

the objectives of the present study are presented. 

1. MEASUREMENT OF NUTRITIONAL STATUS 
The nutritional status of children is one of the most sensitive 

indicators of sudden change in health statua and food avai1ability. It 

acts as an early warning of distress, il1 hea1th, famine, and death 

(26). Nutritional status indieators are a direct measure of problems 

affecting chi1dren. Most studies on the effect of feeding practices on 

infant growth and nutrition use anthropometrie measurements to determine 

the adequacy of infant nutrition (9). 

A. USES OF ANTHROPOMETRY 
Anthropometry ia useful because it (27): 

1. identifies the proeess of fai1ing to grow. 

2. acts as a proxy for constraints to human welfare of the poorest, 

such aa i~adequate diets and infections. 

3. is a predictor of paor health, functional impairment and mortality 

at individual and population levels. 

4. ia, in sorne cases, an indicator of the suceess or failure of 

interventions. 

Four different measurements are needed for anthropometrie 

assessment of nutritional status: age, sex, weight, and either height or 
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length (26). These measurements can be used to calculate standard 

deviation scores (z-scores), which should be compared with international 

reference values, the NeHS growth curves (28). 

The idea of z-scores being appropriate for comparison between 

countries depends on whether ethnie differences in heights of children 

are bo;lsed on genetic variabilities or note As illustrated in Figure 

2.1, ethnie differences in heights of children were shown to be more 

related to environment than to genotypes (29). Most of the means of ths 

well off groups are close to the NeHS 50th percentile. As seen in 

Figure 2.1, the range within countries ia larger than the range within 

the weIl-off and not so weIl-off groups of children. Therefore, the 

NeHS growth curves are Adequate for compariaons of children from a 

developing country, as there are greater differences within a country 

than between countries. However, in using z-acores for comparing 

children within a population the issue of genetic variability is not a 

concerne 
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A atudy in Hong Kong addressing why their chi1dren had lower 

heights concluded that it was genetics. Unfortunately, the daily energy 
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intake of the Chinese infants in this study was lower than that of 

Caucasian infants (31). No conclusions could be drawn from this study 

because of the differenee in energy intake confounding the results. 

B. ANTHROPOMETRIe INDICATORS 
There are three major indicators of different aspects of 

malnutrition that use Anthropometrie measurements (9, 26, 28,32): 

1. Law weight-for-height (wasting) - indieate recent or acute 

malnutrition, either from failure to gcu.n weight or weight loss. 

It is assoeiated with seasonal patterns, changes in food 

availability and disease prevalence. It indicates that the tissue 

and fat mass are lowe!: than expected for a reference child of that 

length. 

2. Law height-for-age (stunting) - indicates that the child is shorter 

than the reference child for that age. It represel~t:s slowing in 

linear growth over time or a cumulative deficiency in growth. It 

is assoeiated with long-term biological factors such as chronic 

insufficiency in protein and or ener.gy intake, frequent 

infections, ~linical factors such as low socio-economic-status of 

the family, and inapprapriate feeding practices. 

3. Law weight-for-age (underweight)- indicate either stunting, or 

wasting or a composite of stunting and wasting, indicating the 

extent of malnutrition. However, thie doee not distinguish 

between wasting and stunting. 

The above three indicators can be used to describe a child or a 

child population. In addition, there are standards for classifying 

degrees of malnutrit.ion, e.g., moderate malnutrition is weight-for-age 

less than minus two standard deviations from the reference median and 

severe malnutrition ia weight-for-age less than minus three standard 

deviations from the referenee median (26). 
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C. SUMMARY 
The adequacy of child nutrition can be determined using 

anthropometric measurements, such as age, sex, height, and weight. 

Anthropo~etric indicators are used to compare chlld~en with the 

reference o.,:, to compare children from different groups to determine 

nutritional status. These indicators can reflect different aspects of 

malnutrition such as recent or long term growth failure. 

II. CHILD MORBIDITY 
There are many factors affecting morbidity in a developing 

country. Inadequate supplementation in the weaning period is generally 

considered to be a major factor affecting severe growth faltering, often 

beginning in the second half of infancy (9). Another factor is 

developmental impairment, which stems from nutritional, biological and 

social deprivation. It manifests itself as ill health, wasting, and 

growth retardation, affecting anthropometric indicators of nutritional 

status and increasing mortality rates (25). 

A comparison of nutritional status, through anthropometric 

indicators, is shown in Table 2.1, using data collected from 1975-89 

(26). Children whose z-scores were less than minus two standard 

deviations from the NCHS reference medians were considered to be 

mall"lourished. There is more wasting but less stunting and underweight 

in Sri Lanka as compared to South East Asia and the developing world 

total. 

Table 2.1: Percent of Malnourished Children in Different Parts of the 

World (26) 
Anthropometr ic Total from South East Asia Sri Lanka 

Index Developing World (%) (%) (%) 

Underweight 35.7 45.2 34.0 
Stunting 39.0 41.3 27.0 
Wasting 8.4 9.8 11.0 

Within Sri Lanka there has been substantial improvement in height­

{or-age less than minus two standard deviations from 1980-1986 for 
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children in urban (other than Colombo Metro) and rural districts. 

However, for children living in the estates t~ere was only a slight 

improvement in weight-for-height (25). Estates are commercial 

plantations of tea, rubber, spices and coconut. 

III. CHILD MORTALITY 
In developing countries fifteen million children die from 

infection and malnutrition every year (33). Infant mortality (IMR) and 

under 5 mortality rates (U5MR) are used as yardsticks to measure the 

development of nations. U5MR is the rate of death in the first five 

years of life per one thousand live births (1). Table 2.2 shows a 

comparison of mortality rates. 

Table 2.2: Infant and Under Five Mortality Rates In Different Parts of 

the World (1) 
Mortality Rates World Total South Asia Sri Lanka 

0-1 yrs, per 1000 live 57 99 21 
births 

0-5 yra, per 1000 live 69 (77)a 124 (123) 19 (27) 
births 

a-female (male) 

The mortality rate in Sri Lanka is relatively low compared to 

other developing countries. The enigma in Sri Lanka is that the low 

leve1s of mortality do not correspond to the higher levels of 

malnutrition. It is not clear why this anomaly exists in Sri Lanka. 

IV. BREAST MILK QUALITY 

A. NUTRITIONAL COMPONENTS OF BREAST MILK 
Mothers' milk composition changes over time to meet the changing 

needs of their growing children. In hea1thy women it can vary within a 

single feed, with the time of day, and stage of lactation (34). 

Maternal dietary status also affects milk composition (34). In 

malnourished populations maternal stores of nutrients are used to 

maintain the proper composition (5). 
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1. PROftlIN 

The protein concentration of human milk generally meets infants' 

amino acid requirements (35). The protein nitrogen content in breast 

milk under twelve months is 0.9g/ml; alpha lactalbumin, lactoferrir and 

secret ory IgA are the dominant parts of whey proteine (18). In 

prolonged lactation estimates of protein content vary, ranging from 0.8 

to 1.6g/100ml, with findings of decline, rise, and no change from the 

content in the f irst year (14). 

2. ERBRGY 

There is much controversy about the calorie content of breast milk 

from malnourished mothers versus well-nourished mothers. Sorne 

researchers state that milk volume and fat levels decrease with maternal 

under nutrition (9, 36). This, in turn, would result in a decrease of 

calorie content. However, in a review, it was concluded that the volume 

and composition of human milk in malnourished mothers are Adequate, 

perhaps at the cost of maternaI stores (14). 

Also, Lauber and Reinhardt found the energy intake from human milk 

at 12 months averaged at 59kcal/kg/24 hours while at 18 months it was 

44kcal/kg/24 hours (37). They concluded breast milk was still a 

valuable source of energy in the second year of life. 

3. cmŒR NUTRIBNTS 

The vitamin content of breast milk is very sensitive to maternal 

dietary intake, and to seasonal availability of foods (7). The studies 

that have analyzed the vitamin content of breast milk have focused on 

milk produced within the first year of life. 

Vitamin A concentration is related to seasonality, and is often 

lower in poorer populations where maternal serum levels are telow the 

recommended levels, such as in Sri Lanka (14) The vitamin C content of 
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breast milk varies with dietary intake which in turn is influenced 

mainly by seasonal availability of fresh fruits and vegetables (14). 

Thiamin is directly related to maternal stores, and is low when the 

intake of poliahed rice is high (14). Ribofiavin is related to the 

adequacy of riboflavin in the maternaI diet (14). Vitamin B12 has even 

been found in the milk of peor vegetarian women (38). Vitamin D is also 

sufficient in breast milk, hence the rarity of cases of rickets in 

breast f(~d babies (14). Although breast milk is low in niacin, it can 

be synthE!e ized f rom tryptophan (14). 

In addition, in the review of breast milk composition it was 

concluded that the lactose concentration does not vary much between 

poorly nourished mothers and mothers in developing countries (14). 

B. VOLUME OF BREAST MILK 

The studiee investigating the volume of breast milk produced past 

the first year of 1ife are not consistent. In a review article it was 

concluded that breast milk volume of mothers in developing countries 

drops by 300 to 500 ml during the second year (14). In one study the 

average decline of breast milk from the first 5-12 months to 24-30 

months wae from 632 to 368g/day (39). In another etudy production of 

breast milk at 18 monthe was the sarne as that at 6 months (40). In this 

etudy, by Becroft, a positive correlation was found b~tween the weight 

of the chi Idren and maternal breast milk production, in children up to 

forty-two months of age (40). 

A study in Kenya found that when children get sick, mothers 

continue breast feeding (41). Average milk yie1d at 12-17 months was 

440ml/24hr, and at 18-23 monthe it was 301ml/24hr. The within­

individuai variation was equivalent to the between-individuai variation 

for a11 months. Breaet milk yield wae higher during the harveet season 

(41). 

From the results of these studies it appears that maternal 

nutritiona1 status influences breast milk yield. It also appears that 
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the volume of breast milk produced during the second and third year of 

lactation may decrease anywhere from 100 ml (42) to 500 ml per day (4). 

It ie unclear whether this decrease ia due to decrease demand trom the 

child or lack of output of the mother. 

C. IMMUNOLOGICAL COMPONENTS OF BREAST MILK 

There is some evidence for an important protective effect of 

breast-feeding against infection and illness past one year. For 

example, Lactobacillus bifidus is more commen in the intestine of breast 

fed babies than bottle fed babies. Due to the production of Acetic and 

lactic acid, the pH is lower, which inhibits the growth of shigella, ~ 

Col i, and yeast (5, 16). However, this changes with the introduction of 

solids where the conditions of the gut become more conduclve to the 

growt:h of gram negative nrganisms, such as E. Coli. 

All classes of immunoglobulins are also found in mature milk, witn 

the concentration of IgA rising with graduaI weaning at Bevan to nine 

months (16). IgA is stable at low pH, is resistant to proteolytic 

enzymes, and is involved in defense against gastro-intestinal infections 

(18) • 

The protective effect of breast feeding against diarrheal 

mortality is controversial. In one study breast feeding was reported to 

be protective againat diarrhea into the third year of lUe (43). In 

another study there were fewer symptoms associated with enteropathogenic 

E. Coli in breast fed than in non breast fed children less than 30 

months of age (44). Breast feeding was also protecti ve against severe 

shigellosis (45, 46). Results from a study examining shigellosis showed 

that children who were at high risk for severe malnutrition or measles 

benefited most from breast feeding (45). 

In a review, decreased frequency of breast feeding was associated 

with diarrhea mortality (47). However, partial breast feeding, which 

includes other foods in the diet, was nct associated with diarrhea 
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mortality (47). In this review, the effect of breast feeding over 

twelve months on respiratory infections was inconclusive. 

In addition, in another review article, no protective effect of 

breast feeding on diarrheal morbidity above one year of age was found 

(48). However ~ a protective affect of full or partial breast feeding 

under one year of age was found. 

D. SUMMARY 

The qual i ty of breast milk changes dur ing the second and third 

years of a child' s life, but breast milk remains a valuable source of 

nutrients to the older child. Breast milk provides a child with a high 

qua lit y of proteine It is also a good source of energy, although the 

energy content may decrease after the first year of life or earlier. 

Along with providing energy and protein breast milk also supplies many 

vitamine. However, the changes in concentration of these nutrients in 

the second and third years of life have not been studied. 

Breast mi.lk also provides many immunological factore, although the 

decrease in diarrheal disease after the firet year, due to breast milk, 

is under debate. The volume of breast milk does decrease in the second 

and third year of life but the decrease in quantity aepends on 

individual factors. Breast milk, as a supplement to weaning foods, 

continues to be a source of energy, other nutrients, and immunological 

factors for the older child. 
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v. PROPOSED "ODEL OF THE BIOLO&ICAL LINK BrrNEEN PROLON6ED BREAST 
FEEDIN6 AND NUTRITIONAL STATUS 

Evidence from many epidemiologieal studies auggests that prolonged 

breast feeding may be associated with increased malnutrition (12, 49, 

50, 51, 52, 53). In these studies, prolonged breast feeding was defined 

as non-exclusive breast feeding for more than twelve months. Weaned, 

therefore, referred to an infant who waa completely off the breast. 

However, there i.s no clear biologieal reason why breast fed children 

should be more malnouri.ahed than fully weaned children, eapecially if 

they reeeive supplementary fooda (11, 12, 54, 55). No biological 

mechanism was presented in these studiea to explain their findings. 

Therefore, a proposed model for the link between breaat feeding 

and growth ia presented first. Then, the effects of energy intake, 

disease and illness, and confounding variables on the growth of breast 

fed children over twelve months of age are reviewed. 

A. PROPOSED "ODEL 
What is the plausibility of study findi.ngs that identify a 

relationship between prolonged breast feeding and growth? There are 

three possible relationahipa. Although not discuaaed in the literature, 

the first possibi.lity i.s that there is no association between prolonged 

breast feeding and the nutritional status of children. The second 

possibility is a negative relationship, associating prolonged breaat 

feeding with malnut~ition, that appears to have no biologieal basia. 

The third possibi.lity, which appears to be the most plausible, is a 

positive relationship, longer breast feeding leading to better growth. 

A biologieal mechaniam for thia third poasibi.lity between prolonged 

breast feeding and growth is shown in Figure 2.2. 
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Figure 2.2: Proposed Model for the Association Between Prolonged Breast 

Feeding and Growth 

breast feeùing children 
over 12 monlhs of age 

~ disease l' quality 
and quantity 
ofintake \/ 

'1' growth 

Poor growth can result from two causes: increased infection or 

insufficient nutrient intake (54). For example, if the rates of 

diarrhea are the sarne in the breast fed and non breast fed groups then 

poor growth may be due to insu~ficient food intake leading to decreased 

growth. However, if breast milk is a supplement to other foode then 

breast feeding should provide increased food intake. 

Therefore, prolonged breast feeding should have a positive effect 

on the growth of children. 

B. ENERGY INTAKE 
One of the factors affecting the growth of children is the 

quantity and quality of food intake. The start of weaning should àepenà 

on when the risk of malnutrition due to the inadequacy of breast milk 

becomes greater than the risk of diseases due to early supplementation 

(11). In an intervention trial, diarrhea had no effect on length, 

linear growth at 3 yeare of age, for children who were given nutritional 
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1 supplementation from birth, however, it had a negative effect for 

children who were not supplemented (56). 

A pathway to impaired growth is when calorie intake is lower in 

weaned than breast fed children leading to impaired growth. Also, the 

insufficiency of breast milk alone for growth has been weIl documented 

for children over one year of age (6, 7, 14). 

The question is whether the continued supplementation from breast 

mi1k, after a child has started on other liquids or Bolids, is 

associated with poorer growth. In one study the energy intakes, 

excluding breast milk, of one to three year old Ugandan chi1dren were 

30\ less than their Eng1ish counterparts but the children gained weight 

at a simi1ar rate because they spent less time engaging in high energy 

activities (57). The relationship between prolonged breast feeding and 

growth, controlling for intake from supplemental foods, has not been 

addressed a1though most researchers recognize its importance. 

c. DISEASE AND ILLNESS 
Other factors that affect the growth of children are disease and 

i11ness. The rates of disease and illnesB are affected by expoBure to 

pathogens. 

The time spent breast feeding can resu1t in nutritiona1 and 

hygienic benefits (58). For example, it haB not been distinguished 

whether it iB human milk that is protective or the beneficial social 

influences that accompany breast feeding, such as a less frequent 

conveyor of pathogenic organisms (16, 58). 

A child who is not breast fed may be more expoBed to contaminated 

foods because a1l food intake is from prepared or frash foods and may be 

on unclean dishes. AIso, the risk of cOl'ltamination of Bupplemental 

foods lncreases with time elapsed Binee preparation and with method of 

feeding (9). 
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In addition, the quantity and quality of water is closely related 

to the health of people. In the Kurunegala district of Sri Lanka the 

use of improved water sources may be associated with a substantial 

decrease in childhood diarrhea (60). In this area 60% of the population 

used protected wells, 30\ used an unprotected source, and 10% used hand 

pumps or a piped eource (61). In Kurunegala the use of improved water 

supplies was associ~~ed with a decrease in diarrhea, among children 

under the age of five (62). 

D. CONFOUNDING FACTORS 
It le also possible that a confounder ie affecting the growth of 

children. A confounder is a risk factor for growth that is also 

associated with prolonged breast feeding. If the confounder is 

diotributed unequally in the breast fed and non breast fed groups and 

independenUy affects growth, then it could be responsible for the 

difference in growth between the two groups. 

For example, children from poorer families breast feed longer and 

poverty independently has a negative effect on growth. Therefore, 

poverty acts as a negative confounder because the observed relationship 

between breast feeding and growth may be lower than expected due to 

poverty and not breast feeding. So, a decrease in growth of t:he breast 

fed infant could he related to the effects of poverty that precipitate 

prolonged breast feeding. 

Variables that have been identified as affecting growth, either 

positivelyor negatively, are age at weaning, gender, birth order, 

number of living and dead siblings, morbidity, socio-economic status, 

maternal education, nelghborhood in which the home is located (60, 63, 

64) • Variables related to duration of breast feeding are socio-economic 

status and material wealth, are a of residence, income, use of oral 

contraceptives, parity, maternaI education, maternal work away from home 

and maternaI age (10). 
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1 VI. REVIEW OF ASSOCIAiiüN BETWEEN PROLONGED BR EAST FEEDING AI~D 
NUTRITIONAL STATUS 

An extensive review of all studies in the area of prolonged breast 

feeding and growth was conducted using a modline search, on Index 

Medicus, and a se arch on Agricola for the years 1979 to 1991. The key 

words used in the search were breast feeding, anthropometry, prolonged 

breast feeding, and nutritional status in many different combinations. 

Also, additional references from selected articles were identified and 

obtained. Authorities in the field were sought for help in identifying 

other references. 

Of aIl the references identified, only eight primary research 

articles were found which examined a possible association between 

prolonged breast feeding and nutritional status. Of the eight, one was 

in a foreign language (Indonesian) and two were government of Kenya 

documents that were not available. This left a total of five articles 

that could be reviewed. 

It is important to note that a review bias may be present as only 

published articles are included. Often, only studies thf.&t show 

statistical sl.gnificance are published. This review, therefore, may not 

be a fair representation of all t~d research that has been conducted in 

this field. 

A. EPIDEMIOLOGIC CRITERIA TO JUDGE STUDIES 

The studies that have looked at the relationship between prolonged 

breast feeding and growth vary in design, sample size, control for 

covariates and outcome measures. Therefore, systematJ.c criteria were 

applied to the selected studies to help assess their plausibility. 

Positive findings are identified as those in which prolonged breast 

feeding leads to adequate growth, with growth being the sarne as or 

better than the non breast fed group. Negative studies are those which 

show an effect in the opposite direction, poor growth. 

Before evaluating studies certain information should be known, 

which include: the country where the study took place; the definitions 
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used for prolonged breast feeding and for normal nutritional status; and 

the objectives of the study (Table 2.3). Also factors that describe the 

atudy need to be included, such as: 

the type of sample. There can be many types of samples including 

census, random, and non-random, census sample. A census is when 

every person who is eligible for the study is included. A random 

sample is when each person who is eligible for the study has a 

calculable chance of being selected. It is possible to generalize 

the findings of a study to the population of interest, if it's a 

random sample or census. 

the type of comparison made in each study. Was the comparison 

between supplemental breast fed and completely weaned or between some 

other groups. 

the design of the study. The interpretations of the results from a 

cross sectional study are very different from those from a randomized 

study. For example, causation can be assessed from a randomized 

study while only association and plausibility can be assessed from a 

non randomized study. In examining the issue of prolonged breast 

feeding and nutritional status it is not possible to randomize 

children into breast feeding and non breast feeding groups. Within 

non randomized studies plausibility increases when the results are 

from a cohort study rather than a cross sectional study. 

Many of the criteria are based on principles of designing 

epidemiologic research (66, 67). 

Additional criteria related to the mechanism between breast 

feeding and growth, criteria related to negative studies, also needed to 

be addressed. Negative studies are those that show a negative effect of 

breast feeding on growth. 
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Table 2.3: Summary of Studies Assessing the Effect of Prolonged Breast 

F di ee ng on Growth of Ch1.ldren 
Criteria Studies 

Al-Othai- Victora Brakohiapa Briend Victora 
meen( 52) (49) (51) (12) ( 65) 

country Saudi Brazil Ghana Bangladesh Brazil 
Arabia 

Year 1988 1984 1988 1989 1991 
Published 

Defn of >90\NCHS >-lSD >90\NCHS >60\NCHS >-2SD NCHS 
Nutr. NCHS wt/a 
status >95\ ht/a 

>80\ wt/ht 
Defn of >12mos '12mos '12mos '12mos , 12mos 
Prolonged BF 
Type of non-random cluster random census census 
Sample census non-random 
Type of not clear wean vs wean vS wean va wean vs 
Comparison breastfed breastfed breastfed breasted 
Study Design survey survey intervent ion cohort cohort 

survev 

There are two categories of additional criteria that are needed 

for interpreting results. The first category includes those criteria 

that are critical while the second category includes those that support 

the interpretation of results. 

The six critical criteria are as follows: 

1. The first criterion is whether there is sufficient malnutrition aad 

prolonged breast feeding in the population that an effect can be 

measured, a measure of the adequacy of the study. For example if 

almost a11 children are well nourished it will be impossible to 

measure the effect of breast feeding on nutritional statua. Also, if 

very few children are breast fed for more than twelve months it will 

be difficult to measure the effect of prolonged breast feeding on 

growth. 

2. The second criterion is whether there the comparison groupa are 

sufficiently different, i.e. range of data should be sufficiently 

wide. For example, one would not expect to Bee a difference when 
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( comparing children breast fed for 13 months versus those breast fed 

for 12 mont ha. 

3. The third criterion is whether there is control for confounding 

factors. Inadequate control for confounders can result in the 

observed relationship, or lack of a relationship, between prolonged 

breast feeding and growth to be spurious. For example, the duration 

of breast feeding ia lower in urban areas than in rural areas, but 

there are more health services in urban areas. Access to health 

servjces has an independent positive effect on growth. Therefore, 

children in urban areas may have better growth due to accessibility 

to health services, even though they may have decreased duration of 

breast feeding. AIl biologically important confounders, and those 

already identified in other studies -- maternaI education, socio­

economic status, area of residence -- need to be examined. Control 

of confounding variables identified from previous studies were 

included as criteria for eva1uating the studies (10, 12, 49, 51, 52, 

65, 68, 69, 70, 71). 

4. The fourth criterion is the samp1e size. If the sample size is too 

small it is possible that a large difference between two groups will 

not be detected -- that the comparison will fail to reach statistical 

significance. 

5. A fifth criterion is the analysis of data using the correct unit of 

comparison. The unit of comparison can be an individual child, child 

months, or a village. For example, if the unit of comparison is 

child months then thf:.' sample size is the sum of the number of months 

each chi Id has beer. in the study. However, if the unit of comparison 

is the individual then the sample size is the number of children 

included in the study. 

The two criteria that support the interpretation of results are as 

follows: 

1. The first supporting criterion is whether measurements of 

intermediate events are made. These can help identify if the 
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poatulated mechanism of action ia correct. For example, if the 

quality and quantity of food intake, including breast milk, was 

greater in the breast fed group then the mechanism of action would be 

as postulated (see Figure 2.2). 

2. The second supporting criterion ia whether concomitant outcomes are 

measured. The plausibility will increase if several outcomes are in 

the sarne direction as predicted by the biological mechanism for the 

association. For example, if the levels of mortality are lower in 

the breast fed group than the non breast fed group the mechanism of 

action would be as postulated. 

The above criteria are used in trying to objectively evaluate the 

plausibility of the study findings. Because of the small number of 

studies on this topic, only a single list or criteria for comparing 

observational studies has been developed. The design of the 

iAltervention trial, which was a part of one study, and the follow up 

study were evaluated within thia framework. In addition, some criteria 

that only apply to these types of studies were also included. For 

example, comparability between groups for the follow up study and 

control of bias in the intervention trial, such as blinded 

randomization, were included as evaluation criteria. Each study is 

reviewed according to its design and then a eummary of the etudiee is 

presented. 

B. CROSS-SECTIONAL STUDIES 
There were two cross-sectiona l studies that assessed the 

association between breast feeding and growth in children above twelve 

months of age. The first study, by Al-othaimeen and Villanueva, in 

Saudi Arabia, did not meet sufficient criteria for inclusion in the 

discussion of better studiee (S2). Its authors etated that prolonged 

breast feeding led towards malnutrition, when in fact only the mean for 

males aged 0-12 monthe for weight-for-height was le8s than the cutoff 

for normal growth. Above this age the height-for-age and weight-for­

height values were above 90\ of the NCHS reference median, within the 
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normal qrowth values. Toqether, the8e drawbacks in design and analyses 

make the results suspect. 

The second study was conducted in Brazil in 1982 (49). This study 

had a non-random cluster sample, with a census of each cluster. There 

were only very small inter observer differences. The authors controlled 

for many confounders including maternal education, income, birth order, 

sex, age, district of residence, type of family, previous 

hospitalization, and the employment status of the he ad of the family. 

The excess risk of mild malnutrition, as defined by weiqht for 

length, in breast fed children was present after adjusting for the above 

confounding variables. However, the mean weight for lenqth was not 

siqnificantly different in the two qroups, indicating that there was not 

a complete shift in the distribution of breast fed children, just in the 

shape of the distribution. 

C. INTERVENTION STUDIES 

One study attempted to determine the relationship between breast 

feeding and growth. There were two separate studies that were reported 

as phase one and two (51). The f irst phase was a survey. The second 

phase was an intervention trial that included forced weaning. 

In the second phase there were two groups: a control group of five 

normal weaned children and an experimental qroup of fifteen malnou.rished 

breast fed chi ldren. Ten of the fifteen children from the experimental 

group were weaned completely from the breast and five continued breast 

feeding. In the end there were three groups: a natural control; a 

forced control; and a breast fed group. Forced weaning for the sake of 

data collection 8eems hiqhly unethical. All children were encouraged te 

eat more however, only the chi1dren who were forced to wean increased 

their intake (51). This suggests a possibil i ty of unequal treatment of 

the two groups. 
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There were no orthogonal contrasts between the groups. For phase 

one, the eample was from an urban clinic, which itself introduces a lack 

of generalizability. For both phases there was no indication of contl'ol 

for confounders. The results showed that the energy and protein 

intakes, including breast milk, of the weaned group were higher than the 

breast fed group after three weeks The many flaws of this study make 

its results very questionable. 

D. COHORT STUDIES 
There were two cohort studies that assessed the relationship 

between prolonged breast feeding and growth. 

The first, conducted in Bangladesh from October 1983 to October 

1985, included a censue of the cOlMlunity (12). The hypothesis for this 

study was that the breast fed group had better survival rates than the 

weaned group, although there might be more malnutrition in the breast 

fed group. In the analyses, age, weight-for-age and breast feeding were 

controlled in the survival analyses, and age in the analysis of 

malnutrition. A problem in this study was that children went from one 

group to the other during the time of the survival analysis. 

The resul ts of this study showed that mothers wean infants when 

their weight-for-age is higher than usual. It also showed that bre&st 

fed children had significantly lower weights for age (69.6 'II), than 

weaned, (70,,6 %), corresponding to a difference of about 118 grams. 

However, this difference, according to the authors, was not clinically 

very large and may have been due to confounders. In addition 

malnourished weaned children were found to have six times higher risk of 

dying than malnourished r~east fed children. This indicates that breast 

feeding may continue to have a protective effect on risk of dying, but 

not malnutrition, into che third year of life. 

The second cohort study included all children born in 1982 in the 

city of Pelotas in Brazil, and followed them until April of 1986 (65). 

The analysis was stratified by ;.ncome groups, and adjusted for age, 
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sex, maternal education, parity, and birth weight. The outcomes of this 

study were weight-for-age z-scores, height-for-'.lge z-scores, and \'eight­

for-height z-scores. Although there was some loss to follow up, over 

80\ of a11 children born in 1982 could be traced up to the third and 

final fo11ow-up. 

There was also sorne effect modification between incarne level of 

the family and prolonged duration of breast feeding. prolonged breast 

feeding was associated with poorer anthropometric status in chi1dren 

from middle and high income families. There was no association between 

prolonged breast feeding and Anthropometrie status for children from low 

income families. 

The conclusion from this study was a modified negative effect of 

breast feeding on growth by income level of the family, after adjusting 

for confounding variables. 

E. CONCLUSIONS FROM REVIEW 

Each of the five studies was evaluated using the criteria 

specified above. The studies were quite different in design and 

analyses and on1y one study assessed a concomitant out come -- mortality. 

A summary of the five studies was presented in Table 2.3. No studies 

were perfect, however the cross-sectional study, in Brazil (49), and the 

cohort studies, in Bangladesh (12) and Brazil (65), were better than the 

other two. The results of the evaluation of these three better studies 

are present.ed in Table 2.4. 
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Table 2.4: Summary of Evaluation of the Setter Studies Assessing the 

Effect of Prolonged Breast Feeding on Growth 
Criteria 

Prolonged breast feeding 

Malnutrition 

Range of data 

Control ior Confounders 
-soc ioeconomic 
factors 

-others 

Sample Size 

Unit of Analysis 

illermed. Events 
-di~rrhea 

-energy/prot intake 

Concomitant Outcome 

Victora(49) 
sufficient 

sufficient 

sufficient 

yes 

no 

802 

individual 

no 

a- breast fed, b- not applicable 

Studies 
Briend(12) 
sufficient 

sufficient 

sufficient 

yes 

yes 

14919 months 

child mos. 

no 
no 

yes 

Victora(65 ) 
sufficient 

sufficient 

sufficient 

yes 

yes 

1447-4700 

individual 

no 
no 

no 

The reeults of these three etudies indicate that there ~ay be more 

malnourished children in breast fed than weaned groups. However, the 

mechanism of this action is unclear. It was suggested that mothers may 

choose not to wean children if the children are thin, which may account 

for sorne of the association. Other suggestions in the literature are 

that inadequate supplementary foods may be given to breast fed children, 

and that frequent breast feeding may decrease appetite (4, 65). 

All studies found a negative relationship between prolonged breast 

feeding and growth. Of these five studies the two by Victora and one by 

Briend, were better than the other two, by AI-Othaimeen and Brakiohapa. 

In the AI-Othaimeen study there was no difference in nutritional statua 

between the comparison groups. In the Brakiohapa study children were 

forc~\ to wean, with the intervention not truly between the breast fed 

and non breast fed. 
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The three better studies did not examine any intermediate events. 

No biological mechaniem was given by the authors of the three better 

studiee because they did not believe their results to reflect the true 

association between breast feeding children over twelve months of age 

and nutritional statue. Theae three studiee appeared to be good etudies 

but did not adequately control for confounders, effect modifiers or 

examine intermediate outcomes. A better atudy may result in findings of 

positive or equal nutritional statue between breaat. fed and non breast 

fed children over twelve months of age. 
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VII. OBJECTIVES OF THE PRESENT STUDY 

The following objectives are a result of the review of literature 

and will be addressed in this research. 

1. To determine whether children, 13-36 months of age, who are 

currently breast feeding have nutritional atatua that ia aimilar or 

better than that of children not currently breast fed of the sarne 

age. 

a. To determine whether an intermediate event, diarrhea, 

attenuates the effect of breast feeding on nutritional statua. 

b. To determine whether the intermediate events, age of 

introduction of supplemental foods, a proxy for food intake 

quantity and quality, attenuate the effect of breast feeding on 

nutritional status. 

2. To determine whether the duration of breast feeding affects the 

nutritional status of children, 13-36 months of age, whieh ls the 

next step after objective one. For example is there a differenee 

in nutritional status between children thirty-five months of age 

who are breast fed for ten versus twenty months. 

These objectives will be tested using the data collected in Sri 

Lanka Demographie and Health Survey. In the analyses there will be 

control for confounding factors previously identified. Income level was 

the only previously identified effect modifier. In addition, possible 

effect modifiers, from the list of confoundera, will be considered. 
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CHAPTER THREE: METHODS 

Chapter three is a description of the methods used to reach the 

objectives of this research. The goals and objectives of the Sri Lanka 

DHS are presented first, followed by the reasons why the results of this 

survey were used. Then, the research design, data collection and 

cleaning conducted by the DHS staff are presented. This is followed by 

definitions of variables used for the present study, and the data 

cleaning conducted for this study. Then, the methods for these 

secondary data analyses, including variable transformations, residual 

analyses, descriptive and multivariate statistics are presented. 

1. SRI LANKA DEMOGRAPHIe AND HEALTH SURVEY (DHS) 

A. OBJECTIVES OF DHS 
There were three objectives to the Sri Lanka Demographie and 

Health Survey (19): 

1. to provide data for policy ~akers that can be used to plan new 

strategies, 

2. to provide data for analyzing trends, 

3. to provide data which can be used in cross country comparative 

studies. 

B. REASONS FOR USING DHS 
The Sri Lanka data set W8S chosen for many reasons. The first was 

that, in this survey, data on breast feeding children, over 12 months of 

age, and nutritional status was already collected, and was available in 

the public domaine The second reason was that there was more 

information on confounding variables than in previous studies, including 

food variables. Although this data set had no information on the 

quantity or qual1ty of foods, there was data on the age of introduction 

of fooda in the child's diet. The third reason was that there was 

sufficient breast feeding, in the 13 to 36 month age group, to study 

this issue (Figure 3.1). On average, 67\ of the children were breast 
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fed beyond twelve months of age, including 24% of children between 31 

and 36 months of age, who were still being breast fed. 

% Breast Fed 

Figure 3.1: Percent of Children, 13-36 Monthe of Age, in 
Sri Lanka, Who Continue to be Breast Fed 

(Cross-eectional data) 

100 

80 69 

60 

40 

20 

0 
13-18 19-24 25-30 31-36 

Age Group (Months) 

A fourth reason was sufficient levels of malnutrition in this 

population to assess the association between breast feeding and 

nutritional status; 35% of the children were stunted, 15% were wasted, 

and 46% were underweight. This suggested that there could be 

improvements in levels of malnutrition if the correct intervention was 

implemented. 

A fifth reason that the Sri Lankan CHS was chosen was that there 

was sufficient power to show a difference in malnutrition -- height-for-' 

age z-scores -- between breast fed and non breast fed children (Figure 

3.2). The dotted line in figure 3.2 waA calculated using a two sided 

test for two independent groups, with an =0.05 (72). The variance used 

was 1.44, which was also the variance for height-for-age z-scores of 

children among 13-36 months of age. There was 80% power to show a 

difference of 0.18 height-for-age z-scores, for a sample of 1411 

children. 
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Figure 3.2: Power Curve For a 'l'wo-Sided Test Tc Detect 
Various Differences In Height for Age Z-scores Between 

Children Who Are and Are Not Breast Fed 
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Effect Size 

C. RESEARCH DESIGN OF DHS 
The Sri Lanka OHS was a one time, cl:oss-sectiona1 aurvey. A 

detailed description of the research design of the OHS ia available 

elsewhere (19). The OHS was designe1 using socio-economic and 

ecological criteria and drew upon the experience of a previous survey, 

the Sri Lanka World Fertility Survey (SLWFS). Due to the large 

heterogeneity of the six zones in the SLWFS, the OHS was initially 

designed to included nine zones. However, because of civil disturbances 

in two zones, the number of zones in the OHS was reduced ta seven. 

These two zones that were excluded contained a total of fourteen percent 

of the 1986 Sri Lankan population. 

In addition, zone five, which had ~ high concentration of estates, 

which are commercial plantations, had a larger target sample than the 

other zones (19). There was an over representation from zone five 

because there were few estates and a sufficiently large aample was 

needed. The sampling fraction ranged from 2.3% to 5.5%, with the 

exception of the estates for which the sampling fraction was 7.0\. 
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1. BLIGIBILITY CRITERIA 

Only private househ01ds were sampled, therefore, institutions were 

excluded. Ever married women between the ages of 15 and 49 years of 

age, who had slept in that household the previouB night were intGrviewed 

(19). This was done to exclude people who were visiting. 

2. BOUSEBOLD SAMPLIRG STRATBGY 

Each zone, created to include homogeneous subgroups, was further 

divided into three strata: urban, rural, and estate. The selection of 

househo1ds was composed of three stages. In the first stage, samp1e 

units were taken based on probabi1ity proportiona1 to the stratum's 

population. Thirty-six units were chosen in a1l zones other than zone 

five, which inc1uded fifty-four units. In the second stage two census 

blocks, with probabi1ities proportiona1 to size, were se1ected from each 

of the units. The third stage inc1uded selecting each household with 

inverse probability proportiona1 to size to ensure a self weighted 

sample in each stratum (19). 

3. SURVZY ORGAIIIZATIOIf 

The survey in Sri Lanka was organized through the Department of 

Census and Statistics (DCS). The leader of the DHS was the director of 

the DeS, the Deputy Director and Assistant Director acted as the project 

Manager and Assistant project Manager, respectively. Statisticians and 

other support staff from the DCS also worked on the survey team. In 

addition, there was technica1 collaboration with the Institute for 

Resource Deve10pment (IRO)/ Westinghouse (19). 

4. FIELD STAFF 

Nine survey teams were composed of data collectors from the DCS. 

Each team had a sup':!rvisor, four to seven female interviewera, a length 

and weight measurer, and an assistant measurer. Al1 members of the 

survey team were trained for ten days. The measurers were trained by a 
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specia1ist from IRD Westinghouse, using the guidelines developed by the 

United Nations (19). 

The measurers were given a standardization test, for precision and 

accuracy, following their training and again Midway through the data 

collection. Only those who passed the standardization test were allowed 

to collect anthropometrie data. One person did not pass the initial 

test and was assigned another duty. The results from the second test 

showed that 55 percent overestimated length, with an average error of 

1.9 mm, 29 percent underestimated length, with an average error of 2.7 

mm, and 16 percent showed no variation from the supervisor's 

measurements (19). The United Nations cut off is 5 mm for 

unsatisfactory measurements of length (19). Therefore, the measurement 

error was low and was well within the United Nations cut off. Weight 

measurements were accurate to within 100 grams (19). 

D. DATA COLLECTION AND CLEANING 
Data collection started in January of 1987 and was mostly 

completed by March of the same year, with the exception of a few areas 

that were completed by May. Each questionnaire was administered to all 

eligible women. The interviews averaged 35 to 40 minutes. Each 

interview was edited in the evening following the interview and again 

upon reaching ColOmbO, the capital of Sri Lanka. Data were then 

entered, edited and tabulated using the software program Integrated 

System for Survey Analysis (ISSA) (19). 

The interviewers were instructed to verify age whenever possible, 

by using the National Identity Card or a birth certificate. If neither 

year nor month was given, an attributed age was assigned. The year and 

month of birth were given by 90 percent of the women, while six percent 

only gave the year, and four percent could not give year or month of 

birth. However, of all the children that were measured, only two did 

not have information on month of birth, and were therefore excluded. 

Sometimes there ean be a problem of inaccurate ages because care takers 
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1 only report ages at particular intervals resulting in clustering. 

However, in this data set, no clustering was apparent (19). 

Il. VARIABLES OF INTEREST 

A. BREAST FEEDING 
The independent variables of interest were related to breast 

feeding. Most other studies examine current breast feeding status but 

two of the better studies examined duration of breast feeding. 

Therefore, both current breast feeding status and duration of breast 

feeding were examined. These variables were expresaed as: 

1. current breast feeding status -- breaat feeding at the Ume of tl,) 

interview: yes or no, 

2. the number of months the child had been breast fed up to the time 

of the interview, ranging from 0 to 36 months, 

B. NUTRITIONAL STATUS 
The variables that were a measure of nutritional status were 

constructed from the four variables: age, sex, weight, and length. From 

the values for these four it was possible to construct continuous 

variables -- standard deviation scores (z-scores) based on the National 

Center for Health Statistics (NCHS) data. 

It was recommended by the WHO Working Group in 1986, and is now 

general practice, to use z-scores for comparing study samples with 

reference populations and for reporting all data on growth of children. 

Therefore, z-scores were used in these analyses to compare groups within 

a population. 

Z-scores for three indicators of nutritional status were us~d as 

outcomes. Z-scores are calculated by subtracting the child' s height­

for-age value from the height-for-age value of t.he reference child and 

dividing this difference by the standard deviation for the reference 

value (67). The three indicators were weight for length, weight-for-age 
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and length for age. Z-scores for these indicators were included as part 

of the DHS data set. 

c. INTERMEDIATE EVENTS 
The intermediate variables that were examined included 

retrospective data on whether the child had diarrhea in the two weeks 

before t.he interview and the number of months a child had been exposed 

to solide and milks, other than breast milk. These were variables that 

would be important if the mechanism relating breast feeding to growth 

was as proposed earlier (see Figure 2.2). If the mechanism proposed 

earlier was true then the incidence of disease should be lower in the 

breast fed group than the non breast fed group. 

In addition, it was important to determine whether number of 

months of exposure to solids and milks was comparable in both the breast 

fed and non breast fed children. Number of months of exposure to solids 

and milks were used as proxies for quality and quantity of food intake. 

For example, if breast fed children had been exposed to solids for a 

shorter duration than non breast fed children, then breast milk may have 

been a substitute for solids rather than a supplement. Therefore, 

breast fed children may have a lower intake of foods, other than breast 

milk. In turn, this lower intake of solids could result in poorer 

nutr i t ional status. 

D. COVARIATES 
Data related to socio-demographic information were gathered 

through interviews. AU variables that, a priori, were thought to have 

a biological importance or served as a proxy for variables that would 

have a biologieal importance in the association between prolonged breast 

feeding and nutritional status were included in the analyses. These 

var iables were: 

area of residence 

source of drinking water 

source of non drinking water 
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type of toilet facilities available 

type of floor in the home 

electricity in the home 

radio in the home 

TV in the home 

education level of the mother 

whether the mother worked to earn money 

whether the father is a professional 

whether the family members were perceived wealthy enough to own a 

change of clothes 

number of children in the household, aged 5 and under 

birth order of the child 

sex of the chi ld 

age of the child 

An example of why a variable was considered important, a priori, 

ia for source of drinking water. In developing countries breast feeding 

ia more prevalent in lower socio-economic groups. AlBO, people trom 

lower socio-economic groups are more likely to have an unimproved water 

aupply, which is associated with increased ingestion of pathogens 

reaulting in increased levels of disease. Therefore, any differences 

found between breast feeding and non breast feeding children may be due 

to the source of drinking water rathe.c than breast feeding statue. 

Appendix A includes a list of covariates thought to be 

biologically important, a priori, and the coding of the responses 

related to these variables. 

III. DATA CLEANING 
The original data set was in an ASCII format that can be readily 

converted to computer formats for other statistical packages. The 

original sample consisted of 2203 children, 3 to 36 months of age. 

However, only children whose age was between thirteen and thirty-six 

months were included in the analyses. Any children with mis8ing 

information for height or weight were excluded, as were children with 

missing information for the number of months' breast fed (l" igure 3.3). 
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Figure 3.3: Exclusions from the Sri Lanka ORS to Arrive at the Final 

sample for These Analyses 

InitIai sample 
2203 
J;I-------~) 587 Less than 13 months of age 

1616 

J; 
1434 

J; 
1411 

Final sample 

) 182 Missing InformatIon on height or weight 

) 23 Mlssing information on oreast , .. dIng 

Of the 1616 eligible children, 13 , were lost due to missing 

information. In addition, the entire data set was checked for any 

improbable values for length and weight and none were found. 

IV. STATISTICAL ANALYSES 
AlI analyses were performed on a personal computer using SYSTATTM 

version 5.02, dated 1990 (74). The methods for initial, descriptive 

statistics are presented first. Variable transformations, based on the 

descriptive statistics, are then explained. Then, residual analyses are 

examined, to determine whether the age of the child in relation to 

height-for-age z-scores was linear or needed to be transformed. The 

final sections describe the methods for bivariate and multivariate 

statistics. 

A. DESCRIPTION OF VARIABLES 
TO have an understanding of the distribution of breast feeding, 

nutritional status and covariates in the DRS data set descriptive, 

univariate statistics were performed on all variables. The means and 

standard deviations were calculated for all continuous variables (see 

Appendix B) and the frequency and percentage occurrence of each level 

for the categorical variables (see Appendix C). 
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B. VARIABLE TRANSFORMATIONS 
Alterations were made to sorne variables based on the results of 

initial, descriptive statistics. For sorne categorical covariates, the 

number of levels within each covariate were reduced (see Appendix D for 

more details). This was do ne if there were too few cases in any level 

and if there was another biologically related level in that category. 

For example the covariate "source of drlnking water" originally had nine 

levels and was collapsed to two levels, protected source and unprotected 

source of drinking water. Also, two discrete numerical covariates were 

made categorical (see Appendix E for more details). 

An alternative strategy was used to reduce the number of levels 

for the number of other children in the household, as no logical 

combinat ions between the levels were apparent. In this case the mean 

height-for-age z-score and frequency were calculated for each level. 

From these results as shown below in Table 3.2 it appeared that the most 

obvious collapsing of levels would be to join no other and 1 other child 

into one level and more than one other child into another level. 

Table 3.1: Discrete Numerical Variable for the Number of Other Children 

In the Household and Mean 
# of other children 

o 
1 
2 
3 
4 
5 

Height-for-age Z-Scores, in 
mean htJage z-score 

-1.463 
-1.420 
-1.638 
-1.960 
-2.145 
-1.425 

the Sri Lanka DHS 
frequency 

21 
535 
655 
172 
l7 
4 

Another strategy was used to transform the variables for the 

number of months a child had been exposed to solids and liquids. There 

were many solid food variables and milk variables that were collinear. 

The duration of exposure to solids was defined to be the greatest number 

of months a child had been exposed to Any solide This was so that the 

variables would be more meaningful in various comparisons and to remove 

multicollinearity between the variables (for further information see 
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Appendix F). The age of the child was included in the analyses as a 

covariate. 

C. ANALYSES OF RESIDUAL 
There is a special relationship between age and z-scores for 

height-for-age, weight-for-height, and weight-for-age.. It is 

curvllinear in the tirst year of life. Residual ana l'l'ses were performed 

to determine whether this curvi-linear relationship continued into the 

secc.nd and third year of life or became linear. Rasidual analysis can 

graphically show Any violations of statistical assum:potions such as 

homoscedasticity, and normality (67). For each outcome analysis of 

residuals was performed. 

For example, height-for-age was the outcome for a regression with 

the age of the children as the independent variable. The residuals from 

this regression were saved and then plotted against the age of the 

children. From this plot it was clear that age was linear regarding z­

s(!ores and did not need to he transformed for further analyses (for 

rI,;!sidual plots see Appendix G). 

D. BIVARIATE STATISTICS 
Bivariate statistics, through correlations and associations 

between variables, were analyzed. Pearson correlations, Kendall 's tau­

b, t-tests, and Pearson chi-squares for associations and independence 

were used. The Pearson correlation measures the strength of the linear 

association between two quantitative variables (73). A Pearson Chi­

square addresses independence an~ associations between two variables. 

However, Pearson Chi-square is not helpful if there are more than two 

levels within a variable (74). Therefore, Kendall's tau-b, a non­

parametric test, was used. It is a measure of ordinal association 

rank correlation and can address the issue of independence between 

variables with more than two levels; it can address the symmetry in a 

table (74). 
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E. MULTIVARIATE STATlSTlCS 
The multivariate analyses were separated into three sections, one 

each for height-for-age z-scores, weight-for-age z-scores, and weight­

for-height z-scores. 

AH potential covariates were tested as possible effect modifiers 

because previous studies had not pJ:'ovided any insight as to possible 

effect modifiers, with the exception of income level. For each section, 

signifieant effect modifiers were determined with regressions containing 

the binary variable for current breast feeding status, the possible 

effect modifier, and an interaction term between these two. This was 

necessary beeause a regression having aIl possible interactions and 

eovariates would result in some cells having too few cases. Testing for 

effect modifiers was done using each of the z-scores as the outcomes. 

Any interactions that had a p-value less than 0.20 were included in 

further multivariate analyses for that outcome. 

Within each section, each of the two objectives was exarnined using 

Analysis of Variance (ANOVA). AIl statistically significant 

interactions and covariates, arnong those ldentified a priori, were 

entered into the ANOVA equation (results for the full ANOVA equations 

are given Appendix I). Those covariates and interactions that had a p­

value less than 0.20 were ineluded in reduced equations. Covar iates not 

associated with the outcome were removed if the p-value for the 

coefficients were greater than 0.20, and if there were only very small 

changes to the coefficients of the remaining variables. Covariates were 

deleted only if the R squared term did not decrease and the rnean square 

error did not increase between the full and the reduced equations. 

For significant interactions involving a variable with more than 

two levels, orthogonal interaction contrasts were used to determine how 

breast feeding interacted with that eovariate. Simple effects of breABt 

feeding were tested for interactions that were statisticaHy 

significant. 
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Parts a and b for the firet objective were met by the addition of 

intermediate variables into the reduced equations -- whether the child 

had diarrhea in the last two weeks, the number of months a child had 

been exposed to solide and milks, other than breast milk. 

In summary, the association between breast feeding and nutritional 

status was exarnined for each of the three outcomes, height-for-age z­

scores, weight-for-height z-scores, and weight-for-age z-scores 

separately. For every outcome, each of the two objectives was examined 

separately. 

The regression coefficients from the ANOVA are presented as in 

SYSTAT™ output. It should be noted that SYSTATa. codes variables for 

analysis of variance (ANOVA) differently from some other programs. A 

categorical variable with two levels is coded as land -1 (74). When 

there are more than two levels, the coding becomes more complex (74), 

for example, 

Level 
1 
2 
3 

1 
a 

-1 

Code 
o 
1 

-1 

Also, when SYSTATTM computes the adjusted cell means, coefficients for 

continuous variables are not included in the equation for computing 

estimates (74). Therefore the y-intercept of some graphs and the 

adjusted means in the results section appear higher than expected. Yet 

the comparison of groups is unaffected -- the difference between the 

groups remains the sarne. 
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CHAPTER FOUR: RESULTS 

The first section in this chapter is a description of nutritional 

statua, breast feeding, intermediate variables and covariates using 

univariate statistics. It is followed by bivariate results th"t are 

used to describe crude associations between the outcomes and breast 

feeding, breast feeding and other covariates, breast feeding and 

intermediate covariates, and amcng the covariates and intermediate 

variables. The final section, on multivariate reaulta, ia dividad into 

three parts: height for age; weight for age; and weight for height. Each 

of the two objectives is analyzed within these three parts. 

1. DESCRIPTION OF VARIABLES 
A description of the nutritional status variables ia first 

presented followed by a description of breast feeding variables, 

intermediate variables and then covariates • 

A. NUTRITIONAL STATUS 
Table 4.1 shows that the average z-score values for height for 

age, weight for height and weight for age were well below the reference 

median. 

Table 4.1: Nutritional Status of Sri Lankan Children 13-36 Months of 
Age, as Measured bI Z-Scores 
Nutritional statue Sample Average S~'andard 

(z-scores) Size Deviation 
Height for age 1401 -1.6 1.2 
Weight for height 1403 -1.2 0.8 
weight for age 1401 -1.9 0.9 

There was sufficient malnutrition that differencea in nutritional 

status could be found between breast feeders and non breast feeders, if 

any exieted. 
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B. BREAST FEEDING VARIABLES 
Sixty-three percent of children were reported to be currently 

breast feeding at the time of the interview and it was found that the 

average number of months a chlld was breast fed, the continuous 

variable, wae 16.3 ± 8.3 mont he (one standard deviation), for a sample 

of 1411 children. The range of one standard deviation was approximately 

8 to 24 months of breast feeding. 

There was sufficient number of children breast feeding for more 

than twelve months that the objectives could be tested. Table 4.2 shows 

the distribution on number of months of breast feeding by age group as 

weIl as other distributions. 

Table 4.2: Averages of Breast Feedi~9 and Intermediate Variables for 
Three Month of Sri Lankan Children 13-36 Months of A e 
Age, Percent: AVi duration of ,months~: 
(months) Number Currently with bf solide milks 

bfa diarrhea 
13-15 193 74 11 12 9 7 
16-18 180 71 12 14 12 8 
19-21 196 66 10 16 15 12 
22-24 165 65 6 16 18 15 
25-27 203 60 5 18 21 15 
28-30 154 54 4 19 24 19 
31-33 163 56 6 19 27 20 
34-36 157 50 6 19 30 23 
a-breast feeding 

c. INTEAMEDIATE VARIABLES 
A description of the intermediate variables is presented in Table 

4.3. 

Table 4.3: Ceseri tion of Intermediate Variables in the Sri Lanka CHS 
Intermediate Variable Sample Average Stan ar 

Curation of exposure (months): 
- milks 
- solids 

, with diarrhea in last 2 weeks 

Size Deviation 

1399 
1404 
1407 

14.4 
19.1 
7.6 

10.3 
7.4 

Children, on average, were exposed to solids longer than to milks, 

other than breast milk. Also, most children did not have diarrhea in 
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the two weeks prior to the interview. Only 7.6 % of children did have 

diarrhea in the two weeks before the interview. 

D. COVARIATES 

Covariates were those variables identified prior to the analyses 

as being related to braa&t feeding and to nutritional status (Table 

4.4). Covariates were characteristics that described the children, 

their families, or their place of residence. The age of the child, in 

months, was the only continuous covariate included in the analyses. The 

average age of a child was 24 ± 6.8 (one standard deviation) months. 

Table 4.4: Description of the Children and Their Families in the Sri 
Lanka CHS 
Characteristic 

Father a professional 
Kother working to earn money 
perceived wealthya 
Household with electricity 
Household with TV 
Household with radi.o 
2 or more other chi.ldren 
Protected drinking water 
Protected non drinking water 
Adequate toilet facility 
Child is a female 
Permanent floor in house 
Kother' s education 

- primary 
- secondary 
- higher 

Birth order of child 
- 2nd born 
- 3rd born 
- 4th and 4th+ 

Sector of residence 
- urban 

Sample 
Size 
1336 
1411 
1410 
1411 
1411 
1411 
1411 
1411 
1411 
1411 
1411 
1409 
1411 

1411 

1411 

Percent 

10.9 
18.3 
89.6 
18.9 
15.1 
69.3 
60.5 
64.0 
44.6 
36.9 
47.3 
51.9 

29.9 
35.9 
23.3 

27.9 
20.8 
21.1 

13.5 
- rural 73.7 

a- perceived to be wealthy enough to own a change of clothes 

Some covariates were proxies for socio-economic status. For 

example, the majori.ty of the households had a radio and members were 

perceived wealthy enough to own a change of clothes. However, there 

were relatively few households with electricity or a television. Also, 
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only a few mothers worked to earn money and even fewer fathers were 

professionals. However, most women did have some form of education. In 

addition, the majority of the children had two or more siblings. 

Some covariates were proxios for hygiene. A third of the 

households had adequate toilet facilities, cànd almost half had a 

protected source of non drinking water, while over half had a protected 

source of drinking water. 

II. CRUDE ASSOCIATIONS 

A. ASSOCIATIONS BETNEEN BREAST FEEDING STATUS AND NUTRITIONAL 

STATUS 

The means of the three outcomes were similar in the breast fed and 

non-breast fed groups (Table 4.5). 

Table 4.5: Mean Height for Age, Weight for Age and Weight for Height z­
Scores in Breast Fed and Non Breast Fed Children, 13-36 Months of Age 
from the Sri Lanka ORS 
Z-Scores Currently Breast Currently Not Breast 

Feeding Feeding 
HAa -1.65 ± 1.16 (875)d -1.51 ± 1.23 (526) 
WAb -1.94 ± 0.91 (875) -1.81 ± 0.97 (526) 
WHc -1.20 ± 0.81 (877) -1.12 ± 0.80 (526) 
a-height for age, b-weight for age, c-weight for height 
d-mean ± standard deviation (sample size) 

Z-Score 
Difference 

0.14 
0.13 
0.08 

B. ASSQtIATIONS BETNEEN BREAST ~EEDING STATUS AND INTERMEDIATE 
VARIABLES 
Those not currently breast feeding were ~xposed to solids and 

milks for a longer duration than those currentl y breast feeding. These 

relationships may appear obvious but were examined for thoroughness 

before these intermediate variables were included in further analyses. 

The ordinal association between current breast feeding status and 

diarrhea in the two weeks prior to the interview was very low (Kendall' s 

Tau-B=O. 04). In addition, the relationship between current breast 
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feeding status and diarrhea in the two weeks prior to the interview, for 

height for age z-scores was not significant. 

c. ASSOCIATIONS BETWEEN BREAST FEEDIN6 STATUS AND COVARIATES 
The associations between current breast feeding status, at the 

time of the interview and categorical covariates were quite low; the 

largest association, 0.19, was between current breast feeding atatus and 

the presence of electricity in household (Kendall's Tau-S). AIso, non 

breast fed children were significantly older than breast fed children 

(t-test) • 

AS seen in Table 4.6 current breast feeding statua was 

significantly related to most covariates with the exception of whether 

the members of the household were perceived wealthy enough to own a 

change of clothes, whether mothers were working to earn money and the 

sex of the child. Non breast fed children came from homes with better 

living conditions (Table 4.6). For example, approximately twice as many 

fathers of non breast fed children were professionals as compared to 

fathers of breast fed children. However, the unadjusted results ahowed 

nutritional status to be similar in the breast fed and non breast fed 

groups, even though breast fed children come from worse off socio­

economic homes. If breast feeding had no effect on nutritional statua 

then the breast fed children, who come from worse off socio-economic 

homes, should have poorer nutritional status. Therefore, breast feeding 

must be protective for the nutritional statua to be similar in the two 

groups. 
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Table 4.6: Distribution of Each Characteristic in the Breast Fed and Non 
Breast Fed Children in the Sri Lanka ORS 

Charaeter ist ie 

Father a professional 
Mother working to earn money 
perceived wealthyb 
Household with electricity 
Household with TV 
Household with radio 
2 or more other children 
Proteeted drinking water 
Proteeted non drinking water 
Adequate toi let facility 
Child ls a female 
Permanent floor in house 
Mother's education 

- primary 
- secondary 
- higher 

Birth order of child 
- 2nd born 
- 3rd born 
- 4th and 4th+ 

sector of residence 
- urban 
- rural 

*p<O.OS **p<0.01 ***p<O.OOl 

, with this characteristic: 
non breast breast Chi-square 

feeders 
14.8a 

20.3 
90.3 
28.6 
20.6 
72.9 
52.8 
69.2 
51.9 
46.0 
47.7 
61.0 

25.9 
36.9 
29.7 

28.2 
21.6 
17.2 

19.5 
69.1 

feeders 
8.6 
17.1 
88.8 
13.0 
11.8 
67.2 
65.1 
60.9 
40.2 
31.4 
47.0 
46.4 

32.3 
35.3 
19.4 

27.7 
20.3 
23.3 

9.9 
76.4 

20.5*** 
2.2 
2.4 
52.4*** 
20.3*** 
5.2* 
20.8*** 
9.6** 
18.3*** 
30.5*** 
0.1 
32.2*** 

29.6*** 

8.2** 

26.7*** 

a - 14.8\ of non breast fed children's fathers were professionals, 
b - perceived wealthy enough to own a change of elothes 

D. ASSOCIATIONS BETVEEN COVARIATES AND INTERMEDIATE VARIABLES 
A correlation of 0.52 was found between the number of monthe a 

child had been exposed to milks, other than breast milk and the age of 

the child. A correlation of 0.89 was found between the number of months 

a child had been ~1Cposed to solids and the age of the child. All other 

correlations between covariates and intermediate variables, among the 

intermediate variables, and among the covariates were low. 

AlI associations among categorical covariates, and between the 

intermediate variable for diarrhea and categorica1 covariates were very 

low, less than 0.19 (Kendall's Tau-B). 
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III. NULTIVARIATE RESULTS 
The multivariate results are separated into three sections, one 

each for height for age z-scores, weight for age z-scores, and weight 

for height z-scores. For each section several steps were taken (Figure 

4.1) • 

Figure 4.1: Steps for Multivariate Analyses for Each Indicator 

obJKllva 1 
ëUfrent braast . add 

feeding status 
IOt.rm.dlatl 

J1 vanable. 

/ 
a.g., hllght 

idlntify / 
forage -7 modifiers 

\ of breast 
feedlng effect 

objective 2 

# of months of bre.st 

feed.ng 

A. HEIGHT FOR AGE 

1. DIPPERlDfCBS III IItJTRITIOIiAL STATUS BBTWBD BREAST n:EDERS 

AND 11011 BRBAST n:EDERS TIIA~ VARIED OVER LEV'BLS OP MODIFIERS 

Seven statistically significant covariates, out of sixteen, 

modified the association between current breast feeding statua and 

height for age z-scores. These seven effect modifiers (Table 4.7) had a 

p-value below 0.20 and were included in all initial, full regression 

equations for the outcome height for age z-scores. 

Differences in nutritional status between breast feeders and non 

breast feeders depended on whether members of the family were perceived 

wealthy enough to own a change of clothes, whether the mother was 

working to earn money, the education level of the mother, source of non 
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drinking water, the type of floor, presence of electricity in the house, 

and presence of radio in the house. 

Table 4.7: Unadjusted Differences in Height for Age Z-Scores, Between 
Breast Fed and Non Breast Fed Children That Varied Depending on Level of 
Covariates, From the Sri Lanka DHS 
Var iable Not Breast Feeding Breast Feeding 

Non drinking water 
- protected 
- unprotected 

Mother working to earn money 
- yes 
- no 

Mother's education 
- higher 
- secondary 
- primary 
- none 

Appear wea l t hyb 
- yes 
- no 

Floor 
- permanent 
- temporary 

Electricity 
- yes 
- no 

Radio 
- yes 
- no 

-1.3 + 1.1(273)& 
-1.8 .:!: 1.3(253) 

-1.8 .:!: 1.4(107) 
-1.4 ~ 1.2(419) 

-1.0 :!: 1.1(157) 
-1.5 ± 1.2(193) 
-1.9 ± 1.1(137) 
-2.0 ... 1.4(39) 

-1.4 ~ 1.2(476) 
-2.1 ± 1.2(49) 

-1.2 :+: 1.1(322) 
-2.0 ± 1.2(202) 

-0 • 9 ± 1. 1 ( 3 75 ) 
-1.8 ± 1.2(151) 

-1.4 ± 1.2(385) 
-1.9 ... 1.2(141) 

a - z-score standard deviation (sample size) 
b - perceived wealthy enough to own a change of clothes 

-1.5 ± 1.2(351) 
-1.7 .:!: 1.1(524) 

-2.2 .:!: 1.3(149) 
-1.5 ~ 1.1(726) 

-1.3 .:!: 1.0(169) 
-loS:!: 1.1(311) 
-1.8 ± 1.2 (283) 
-2.4 ± 1.2(112) 

-1.6 ± 1.1(780) 
-1.8 -: 1.3(95) 

-1.4 ± 1.1(407) 
-1.9 ± 1.1(468) 

-LI:!: 1.1(761) 
-1.7 ~ 1.2(114) 

-1.6 ~ 1.1(589) 
-1.8 ± 1.2(286) 

In general, the best levels of nutritiona1 status were found among 

those children with better living conditions; the first line within each 

variable in Table 4.7. Children with better living conditions, whether 

breast fed or not, had better z-scores than those with not so good 

living conditions; the second line within each variable in Table 4.7. 

For example, children with better nutritional status were those whose 

families were perceived wealthy enough to own a change of clothes, 

mothers had higher education, family had a protected non drinking water 

supply, homes had a permanent floor, and homes had electricity and a 

radio. The exception was for children whose mothers worked to earn 

money, who had poorer height-for-age than those whose mothers did not 

work to earn money. 
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As seen by the results in table 4.7 the unadjusted differences in 

height-for-age z-scores due to the effects of breast feeding were 

smaller than those due to different levels of the covariates, and were 

not always in the sarne direction. For example, breast feeding was less 

protective than non breast feeding for children coming from homes with a 

protected source of non drinking water, but had a slightly protective 

effect for those with an unprotected source of non drinking water 

( Figure 4. 2) • 

o 
-0.2 

Height -0.4 
-0.6 

for Age -0.8 
Z.Scores -1 

-1.2 
-1.4 
-1.6 
-1.8 

-2 

FIgUre 4.2: Uœdjusted Association Between 
B~t F~ Status am Height for Age Z.Scores, 
~~ on the Source of Non ~ Water 

• brea~t feeders 
• IDn breast feeder.; 

pmtected tq>rotected 

N.B. See table 4.7 for standard deviation and sample sizes 

Another example is among children whose mothers did not work to earn 

money, those who were currently breast feeding were at a slight 

disadvantage. Also, when the mochers did work to earn money breast 

feeding was even more of a disadvantage (Figure 4 _ 3) . 

Breast feeding was associated with better nutritional status than 

non breast feeding for children who se families did not appear wealthy 

enough to own a change of clothes. In addition, breast feeding was 

associated with slightly better nutritional status for children whose 
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mothers had primary education, had a temporary floor, no electricity, 

and no radio. 

-0.8 

-1 

Height for -1. 2 
Age z- -1.4 
Scores -1.6 

-1.8 

-2 

-2.2 
-2.4 

Figure 4.3: Unadjusted Association Between 
Breast Feeding Statue and Height for Age Z­
Scores, Depending on the Work Status of the 

Mother 

• breast feeders 
• non breast feeders 

working not 
working 

N.B. See table 4.7 for standard deviation and sample sizes 

2. OBJBC1'IVB on: ~ ASSOCIA~IOIf lŒI.'WBBIf CURRBJr.l' BUAs~ 

"EDING S~ATUS ARD BBIGRT-FOR-AGB 

a. BBIGRT-FOR-AGE Z-SCOUS 

A regression equation with current breast f~eding status , 

significant interactions (identified in Table 4.7), and all covariates 

(listed in Table 4.4 and the age of the child in months) wae used to 

predict height-for-age z-scoree. Only one interaction maintained 

eignificance. The association between breast feeding and height-for-age 

z-scoreB waB not the Barne for all levels of education of the mother. 

To determine how mothers' education (4 levels) and breast feeding 

(2 levels) interacted, three orthogonal interaction contrasts for 2x4 

tables were tested. The interaction between current breast feeding 

status and whether or not the mother had any education was significant 

(Table 4.8). The other two interactions were not significant. One 

tested the association between current breast feeding statue by mothers 

with primary versus secondary and higher education. The other tested 
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the association between current breast feeding status by mothers with 

secondary versus higher education (Appendix H) • 

Table 4.8: Differences Between Breast Feeders and Non Breast Feeders for 
Height-for-Age Z-Scores, Depending on Education of Mothers, Among Sri 
Lankan Children 13-36 Months of Age, Including All Covariatesa 

Maternal Education 

( sample size) 

none 

Breast No -1. 7 

Feeding Yes -2.1 

Simple Effect 0.4 

9511 CI (0.0, 0.8) 

(39) 

( 112) 

some 

-1.7 C 487) 

-1.7 ( 763) 

-0.0 

(-0.2, 0.1) 

Interaction Effect: 1.4 (0.1, 2.6) 

Simple 

Effect 

0.1 

-0.4 

95\ CIb 

(-0.3, 0.4) 

( -0 • 6 , -o. 1 ) 

a-due to rounding differences, values shown in Table 4.8 may be slightly 
different from those calculated. 
b- confidence interval 

Current breast feeding was negatively associated with height-for­

age z-scores for children whose mothers were uneducated. These children 

had the lowest height-for-age z-scores. However, there were no 

differences in heights of currently breaat fed and non breast fed 

children of educated mothers. 

A reduced model that included only tiignificant covariatea and the 

interaction between breast feeding and mother' s education was then 

examined to determine if the interaction remained significant. The 

interaction between breast feeding statua and education level of the 

mother remained significant in the reduced model (Table 4.9). 

4-11 

• 



( 

( 

Table 4.9: Differences Between Breast Feeders and Non Breaet Feeders for 
Height for Age Z-Scores, Depending on Education of Mothers, Among Sri 
Lankan Children 13-36 Monthe of Age Including Only Significant 
Covar iatesa 

Maternal 

no educc 

Breast No /-1., 
Feeding Yes -2.1 

Simple Effect 0.4 

95~ CI (+0.0, 0.8) 

Education 

some educ 

-1.8 

-1.7 

-0.1 

(-0.2, 0.1) 

Interaction Effect: 0.5 (0.0, 0.9) 

Simple 95\ CIb 

Effect 

0.1 (-0.3, 0.4) 

-0.4 ( -0 • 6 , -O. 1 ) 

a-due to rounding differences, values shown in Table 4.9 may be slightly 
different from those calculated. 
b- confidence interval c-education 

The unadjusted effect compared to multivariate analyses showed an 

attenuated interaction effect between breast feeding and education level 

of the mother on nutritional statua (Table 4.10). 

Table 4.10: Differences Between Breast Feeders and Non Breast Feeders For 
Height for Age Z-Scores, Depending on Education of Mothers, Among Sri 
Lankan Children 13-36 Monthe of Age, Including No Other Covariatesa 

MaternaI Education 

no educc some educ 

Breast No /-2.0 -1.5 

Feeding Yes -1.5 -2.4 

Simple Effect 0.3 0.0 

95% CI (-0.1, 0.7) (-0.1, 0.2) 

Interaction Effect: 0.3 (-0.2, 0.7) 

Simple 

Effect 

-0.6 

-0.8 

95\ CIb 

( -0.9, -0.2 ) 

(-1.1, -0.6) 

a-due to rounding differences, values shown in Table 4.10 may be 
slightly different from thoee calculated. 
b- confidence interval c-education 

Breast fed children whose mothers were uneducated had the lowest 

z-scores in a11 three regressions. The modifying effect of maternal 

education on the association between current breast feeding status and 

4-12 



1. 

l 

height-for-age z-scores was not affected by adjustment for other 

variables. Among those whose mothers were educated, there was no 

difference in heights between breast feeders and non breast feeders. In 

addition, there was some confounding that was important to control as 

shown by the changes in the ceU means. The estimatEls of the cell meane 

changed but the direction of simple effects did not change nor did the 

magnitude of the difference between breast feeders and non breast 

feeders. 

The results of the reduced model were nearly the sarne as for the 

full model, which included all covariates and interactions. The mean 

square error and R squared terms for the reduced and the full models 

were not different (see Table 4.11 for results of the reduced equation 

for Analysis of Variance). 

Ten covariates were significant in predicting height-for-age z­

scores. Helght-for-age was lower if children were older. However, 

children who were females, whose birth order was first or second, who 

lived in homes with less than two other children, came from homes with 

electricity, lived in the estates, had a protected source of non 

drinking water, whose families appeared wealthy enough to own a change 

of clothes, had a permanent floor and whose fathers were professionals 

had better height-for-age than their counterparts. 
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Table 4.11: Coefficients From Analysis of Variance for Testing the 
Association Between Current Breast Feeding Status and Height-for-Age Z-
Scores of Children 13-36 Months of Age in Sri Lankaa,b ____________ __ 
Variable Coefficients 
Constant 
Non breast feeders vs breast feeders 
Mother's education 

- none vs higher 
- pr imary vs higher 
- secondary vs higher 

No education x no breast feeding 
Primary education x no breast feeding 
Secondary education x no breast feeding 
Electrici~y vs no electricity 
Age of child (months) 
Sector 

- urban vs estates 
- rural vs estates 

Gender female vs male 
Unprotected vs protected ndwc 
perceived wealthyd vs not wealthy 
Permanent vs temporary f loor 
Birth order 

- Ist born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

Father professional vs non professional 
2+ other kids in home vs less than two 
a-SYSTAT codes a categorical variable with two l~vels 
b-covariates that did not contribute to the model and 

-1.5 
0.0 

-0.1 
0.0 
0.0 
0.2** 

-0.1 
-0.1 
0.2** 
0.0** 

0.3** 
0.2 

-0.1* 
-0.2* 
0.1** 
0.2** 

0.1** 
0.1 

-0.1 
0.4** 

-0.1* 
as 1 and -1 
were deleted were: 

presence of television and radio in the household, whether the mother 
was working to earn money, the source of drinking water, and the type of 
toilet facilit~es available. 
c-non drinking water, d-perceived wealthy enough to own a change of 
clothes 
*- p-value 1ess than 0.20, **- p-value less than 0.05, 
***- p-value less than 0.01 

b. DftBRIIIIIING TB BFPBCT OF IIfTIRllBDUTB VARIABLES 011 

DIGJr.r POR AG. Z-SCORBS. 

The effect of intermediate variables on height-for-age and on 

attenuating the joint effect of current breast feeding status and the 

education level of the mother was examined. Intermediate variables, 

diarrhea in the two weeks before the interview and the number of months 

a child had been exposed to solids and milks' were added separately and 

jointly to the reduced model which included all variables of interest 

that were significant. 
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The incidence of diarrhea, when added to the reduced model, was 

not significant (p=O.767). In addition, the age of introduction of 

solid food was not significant in predicting height-for-age (p=O.980). 

However, the age of introduction of milks, other than breast milk, was 

signifieart in predicting height-for-age (p=O.113). 

When all three intermediate variables were added simultaneously to 

the reduced model only the number of months a child had been exposed to 

milks remained signifieant (p~O.113). A child who had been exposed to 

milks for a longer time had better height-for-age z-scores than a child 

who had been exposed to milks for a shorter time. 

The number of months of exposure to milks did affect the 

interaction between current breast feeding status and the education 

level of the mother, but the interpretation or direction of the effect 

did not change. In addition, the values of the coefficients for each 

variable, and their interpretations, were simi1ar before and after the 

addition of the milk varia!.J!e to the reduced model (Table 4.12). 

Table 4.12: Differences in Height for Age Z-Scores Between Breast 
Feeders and Non Breast Feeders, Depending on the Education of the 
Mother, After Controlling for Confounders and Number of Months of 
Exposure to Milks 

Breast 

Feeding 

Maternal Education 

no educc some educ 

No 1-1 .• 1-1 • =l Yes : .,1: 7 -2.1 

3. OBJECTIVE ftO: TU ASSOCIATION BB'1'WBIDI TIIB IlUllBI!:R OP 

MOrr.rBS or BRBAST FIlEDING AIID DIGIIT FOR AGI!: 

An Analyais of Variance with all covariates, identified a priori 

(listed in Table 4.4 and the age of the child), and the seven previously 

identified interactions (Table 4.7) was used to assess the association 

between number of months of breast feeding and height-for-age z-scores. 
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Height for age z-score differences for the number of months of 

breast feeding depended on two variables -- the education level of the 

mother, and whether the mother worked to earn money (Table 4.13). In 

addition, six covariates were significant in predictinq height-for-age 

z-scores. 

Table 4.13: Coefficients From Analysis of Variance for Testing the 
Association Between the Number of Months of Breast Feeding and Height 
for A e Z-Scores of Children 13-36 Months of A e in Sri Lankaa,b 
Variable Coefficients 
Constant 
Months of breast feeding 
Mother's education 

- none vs higher 
- primary va higher 
- secondary vs higher 

No education x montha of breast feedinq 
Primary educ x months of breaet feedinq 
Secondary educ x months of breaat feeding 
Mother workingC va not working 
Mother working x monthe of breaat feeding 
Age of child (months) 
Sect or 

- urban vs estates 
- rural vs estates 

Gender female vs male 
Unprotected vs protected ndwd 
Birth order 

- lst born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

-1.1 
0.0 

-0.2** 
-0.2 
0.1 

-0.01** 
0.01 
0.0 

-0.2 
0.01* 

-0.02** 

0.4** 
0.2 

-0.1* 
-0.2** 

0.2** 
0.05 

-0.1 
Father a professional vs non professiona1 0.5** 
a-SYSTAT codes a categorical variable with two leve1s as 1 and -1 
b-covariates that did not contribute to the model and were deleted were: 
whether there was electricity, te1evision, or radio in the home, type of 
toi1et faci1ities, source of drinki~~ water, type of material for the 
floor, whether the members of the household were perceived to he 
wealthy, and the number of other chi1dren in the home. 
c- mother working to earn money 
d- non drinking water 
*- p-va1ue less than 0.20, **- p-value lese than 0.05, 
***- p-value less than 0.01 

The resu1ts from the reduced model that inc1uded on1y aignificant 

covariatea and the effect modifiers -- education 1evel of the mother and 

whether the mother worked to earn money -- were near1y the sarne as for 

the full model (see Table 4.13 for the results from the reduced equation 

for Analysis of Variance). Age was included in the Analysis of Variance 
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t equation and was a strong predictor of height-for-age, but even with age 

in the model the interactions were still significant. 

Height-for-age differences for nur:J)er of months of breast feeding 

were dependent on the work status of the mother and the education level 

of the mother. The first interaction was between the number of months 

of breast feeding and whether the mother was working (Figure 4.4). For 

chi1dren whose mothers were working versus those not working, the 

height-for-age z-scores were higher in those breast fad for a longer 

duration. Children who were breast fed for 13 months or less had better 

height for age z-scores if their mothers did not work than if their 

mothers did work. However, chi1dren breast fed over 13 months had 

better height for age z-scores if their mothers worked rather than if 

their mothers did not work. 

Figure 4.4: The Bfect of Nwmer of Montlli of Breast Feedirg on tir 
Height for Age Z.Scores of Chiklren,Between 13-36 Monthi of Age, in 

Sri lanka, ~pe~ on the Work Stanf; oftœ Mother 

0.5 
0.4 

Height for Age 'Zr 0.3 

Scores 0.2 

0.1 

o 
-0.1 

-- nntœr worlcq - - rmther mt workifJ 

--- -' 

-0.2 +---+----+----f----f----f-------t 
5 10 15 20 25 30 35 

Montb; of Breast F~ 

NB: recall that the coefficients for continuous variables are not 
included in the equation for computing adjusted cell means in SYSTATTM 
(14) • 
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An example of the simple effects of number of months of breast 

feeding on height-for-age was calculated using 24 and 8 months. The 

difference in height-for-age z-scores for children whose mothers were 

working ta earn money was + 0.3 more for children breast fed for 24 

months versus 8 months (95% confidence intervalj +0.0, 0.5). The 

difference in height-for-age z-scores for children whose mothers were 

net working for money was -0.2 (95% Cli -0.6, 0.2). 

For the second interaction, between the number of months of breast 

feeding and the education level of the mother, the interpretation was 

similar to that reported for current breast feeding status. As number 

of mQnths of breast feeding increased, the height-for-age z-acores of 

children whose mothers had primary, secondary, or higher education, 

increased. With each increase of a month of breast feeding, children 

whose mothers did not have education had lower z-scores than children 

whese mothers had higher education but this was not significant as for 

objective 1. 

The difference between children breast fed foc 24 months versus 8 

months was: -0.1 for these who se mothers had no education (9S%CI;-0.4, 

0.3); 0.3 for those whose mothers had primary education (9S\CI; +0.0, 

0.5); 0.1 for these whose mothers had secondary education (95%CI; -0.1, 

0.3); and 1.8 for those whose mothers had higher than secondary 

education (95%CI; 1.1, 2.4) 

There were six covariates that contributed to the prediction of 

height-for-age z-scores. The height-for-age of children was lower if 

they were oider and was higher if they were males, were first or second 

barn, lived in urban or rural areas, had a protected source of non 

drinking water and if their fathers were professionals (Table 4.13~ 
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B. WEIGHT FOR AGE 

1. DIFFERBIICBS IR HUTRITIORAL STATUS ~EII BRBAST FBBDBRS 

AND ROR RUAST RBDBRS DUE TO COVARIATBS 

Six covariates, out of sixteen, were statistically significant in 

modifying the association between current breast feeding status and 

weight for age z-scores (see Table 4.14 for the five categorical 

covariates). These six effect modifiers had a p-value below 0.20. 

Differences in nutritionai status between breast fed and non breast fed 

children depended on the age of the chi Id, the source of non drinking 

water, whether the famiIy members appeared weaithy enough to own a 

change of clothes, type of floor, presence of electricity in the home, 

and the area of residence. 

Table 4.14: Unadjusted Differences in Weight-for-Age Z-Scores Between 
Breast Fed and Non Breast Fed Children That Varied Depending on Leve1 of 
Covariates, From the Sri Lanka DHSa 
Variable Not Breast Feeding Breast Feeding 
Non drinking water 

- protected -1.6 ± 1.7(273)a -1.8 ± 0.9(351) 
- unprotected 

perceived weaithyb 
-2.0 ± 1.6(253) -2.0 + 0.9(524) 

- yes -1.8 ± 0.9(476) -1.9 ± 0.9(780) 
- no -2.3 ± 0.9(49) -2.1 1 0.9 (95) 

Floor 
- permanent -1.6 ± 0.9(322) -1.7 i 0.9(407) 
- temporary -2.2 ± 0.9(202) -2.1 .. 0.9(468) 

Electricity 
- yes -1.4 ± 0.9(151) -1.5 f 0.9(114) 
- no -2.0 ± 0.9(375) -2.0 ! 0.9(761) 

Sector of residence 
- urban -1.6 ± 0.9(103)a -1.5 t 0.9(87) 
- rural -1.8 ± 0.9(364) -1.9 0.9(671) 
- estates -2.4 ± 0.9(59) -2.3 .l: 0.9(119) 

a - z-score standard deviation (sample size) 
b - perceived wealthy enough to 01.,n a change of clothes 

In general the best leveis of nutritionai status were found among 

those with better living conditions; the first 1ine within each variable 

in Table 4.14. Among those that were better off, the best leveis of 

weight for age z-scores were among those not breast ted, with the 

exception of urban children. 
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The unadjusted differ.ences in weight-for-age of children were 

larger due the leve- Is of cova.r iates than due to breast feeding status, 

and were not always in the sarne direction. For example, breast feeding 

was les8 protective than non breast feeding when children had a 

protected source of non drinking water, but made no difference for 

children with an unprotected source of non drinking water (Figure 4.5). 

o 
-0.2 
-0.4 
-0.6 

-0.8 
Weight for -1 

Age Z-Scores -1. 2 

-1.4 

-1.6 

-1.8 

-2 

-2.2 
-2.4 

Figure 4.5: Unadjusted Association Between Current 
Breast Feeding Status and Weight for Age Z-Scores, 

Depending on the Source of Non Drinking Water 

• breast feeders 
• non breast feeders 

plotected unprotected 

N.B. See table 4.14 for standard deviations and samp1e sizes 

Another example was non breast feeding was more protective than breast 

feeding for children from families that were perceived to be wea1thy 

enough te own a change of clethes. However, the opposite was true for 

children whose families were not perceived to be wealthy enough to own a 

change of clothes (Figure 4.6). 

In addition, breast feeding as cornpared to non breast feeding was 

associated with better nutritional statua when children lived in homes 

with a ternporary floor, with electricity, and living in urban and estate 

areas. 
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-0.8 
-1 

Weight for Age -1.2 
-14 

Z.Scores -1:6 
-1.8 

-2 
-2.2 
-2.4 
-2.6 

Figure 4.6: Uœdj~ted Association Between Currert Brealit Feed~ 
Status am Weight for Age ZrScores, D=pe~ on Whether Percieved 

tobeW~ 

• brealit feeders 

• mn brea.lit feeders 

wea1~ mtwealthy 

N.B. See table 4.14 for standard deviations and sample sizes 

There was a significant interaction between the age of the child 

in monthe, a continuous variable, and breast feeding status. This 

interaction indicated that weight-for-age z-scores were lower if the 

child was older and continued breast feeding. 

2. OBJECTIVE on: TIIB ASSOCIATION BI:TWBDI CUIUtD'l' BRBAST' 

REDING STAms AND WEIGIIT-POR-AGE 

•• WEIGBT-POR-AGB Z-SCORBS 

An Analysis of Variance equation with breast feeding status, 

significant interactions (identified in Table 4.14) and all covariates 

( l isted in Table 4.4 and the age of the child in months) was ussd to 

predict weight-for-age z-scores. Only one interaction maintained 

significance~ the association between breast feeding on weight for age 

was modified by the are a of residence. 

The results from the reduced model that included only significant 

covariatee and the interaction between area of residence and breast 
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feeding status were nearly the sarne as for the full model (see Table 

4.15 for results of the reduced equation for Analysie of Variance). 

Table 4.15: Coefficients From Analyai9 of Variance for Teeting the 
Association Between Current Breast Feeding Statua and weight-for-Age Z­
Scores of Children 13-36 Months of Age in Sri Lankaa,b 
Var l.ab le Coef f ic ient 

Constant 
Non breast feeders vs breast feeders 
Sect or : 

- urban vs estates 
- rural vs estates 

Urban sector x non breast feeders 
Rural sector x non breast feeders 
Age of child (months) 
Unprotected vs protected non drinking water 
Perceived wealthyC 
Permanent vs temporary floor 
Birth order: 

-2.2 
0.03 

0.2** 
0.1 

-0.1* 
0.1 

-0.01** 
-0.1** 

0.2** 
0.2** 

- 19t born vs 4th or higher O.l u 

- 2nd born vs 4th or higher 0.1 
- 3rd born vs 4th or higher -0.1 

Father professional vs non professional 0.2 u 

Television vs no television in house 0.3** 
a-SYSTAT codes a categorical varl.able with two levels as 1 and -1 
b-covariates that did not contribute to the model and were deleted were: 
gender of the child, education level of the mother, whether the mother 
worked to earn money, the number of other children in the home, presence 
of electricl.ty and radio in the household, source of drinking water, 
and type of toilet facl.lities. 
c-perceived wealthy enough to own a change of clothes 
*- p-value less than 0.20, * *- p-value less than 0.05, 
***- p-value less than O. 01 

The association between breast feeding and the weight-for-age z­

scores of children was modified by the area of residence, however this 

was not significant at p=O.OS level (Table 4.16). Breast fed children 

in estates and urban areas had better weight for age z-ecores than non 

breaet fed children, but this difference was not significant. Breast 

fed children in rural areas, excluding estates, had slightly lower 

weight for age z-scores than non breast fed children; again this 

difference was not significant. 
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1 Table 4.16: Differences in Weight-for-Age Z-Scores Between Breast 
Feeders and Non Breast Feeders Depending on the Area of Residence, After 
Control1ing for Confounders. 

Area of Residencp 

Urban Rural Estates 

Breast no 1-1.6 1-l.B 1-2 
•• 

Feeding yes -1.5 -1.9 -2.2 

simple effect -0.2 0.1 -0.1 

95\ CI (-0.4, 0.1) (-0.0, 0.2) (-0.4,0.2) 

Seven covariates were significant in predicting weight-for-age z­

scores. Chi1dren coming from homes with a protected source of non 

drinking water, permanent floor, a television, who se birth order wae 

first or second, whose families were perceived to be wealthy enough to 

own a change of clothes and whose fathers were professionals had better 

weight-for-age than their counterparts. However, older children had 

lower weight-for-age than younger children. 

b. DETBRilINING TIŒ .Fn:c.r OF INTEJUŒDIATE VARIABLES ON 

WEIGU FOR AGE Z-SCORES 

The effect uf intermediate variables on weight for age z-scores 

and on attenuating the joint effect of current breaet feeding statue 

with area of residence '"as examined. Intermediate variab1ee, incidence 

of diarrhea in the two weeks before the interview, and the numb&r of 

months a chi1d hau been exposed to milks, other than breast milk, or 

solids, were added separately and jointly to the reduced model which 

included a11 variables of interest that were significant. 

The incidence of diarrhea, added to the reduced mode1, was not 

significant (p=0.790). Also, the number of months a chi1d had been 

exposed to solids was not significant (p=0.278). However, the number of 
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months a child had been exposed to milks, other than breast milk, was 

significant in predicting weight-for-age z-scores (p=O.04). 

When all three intermediate variables were added simultaneously to 

the reduced model only the number of months of exposure to milks 

remained significant, while the other two did not contribute to the 

model. A child who had been exposed to milks for a longer time had 

better weight-for-age than a child who had not been exposed to milks for 

as long a periode 

The addition of number of months of exposure ta milks into the 

regression equation did affect the interaction between current breast 

feeding status and the area of residence, but the interpretation or 

direction of the effect did not change. In addition, the values of the 

coefficients for each variable, and their interpretations, were similar 

befol'e and after the addition of the rrilk variable to the reduced model 

(Table 4. 17) . 

Table 4.17: Differences in Weight-for-Age Z-Scores Between Breast 

Feeders and Non Breast Feeders Depending on the Area of Residence, After 

Controlling for Confounders and Number of Months of Exposure to Milks. 

Breaat 

Feeding 

Area of Residence 

Urban Rural Estates 

no 

yes 

3. OBJECTIVE 1'WO: THE ASSOCIATION BE'l'WEBN TIIB HUllBER OP 

MOHTBS OF BREAST REDING AND WEIGII'r FOR AGE Z-SCORES 

An Analysis of Variance with all covariates, identified a priori 

(listed in Table 4.3 and age of the child), and the six previously 
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identified interactiona (Table 4.14) was used to assess the association 

between number of months of breast feeding and weight-for-ag8 z-.cor ••. 

Weight for age differences for the number of months of breast 

feeding depended on two variables -- source of non drinking water and 

area of residence (Table 4.18). Age was included in t.he Analysis of 

Variance equation and was a strong predictor of height-for-age, but even 

with age in the model the interactions were still significant. In 

addition, six covariates contributed to the reduced Analysis of Variance 

model. 

Table 4.18: Coefficients From Analysis of Variance for Testing the 
Association Between the Number of Months of Breast Feeding and Weight­
for-Age Z-Scores of Children 13-36 Months of Age in Sri Lankaa,b 
Variable Coefficient 
Constant 
Months of breast feeding 
Unprotected vs protected non drinking water 
Unprote~ted non drinking water x mos bfc 
Sector: 

- urban vs estates 
- rural vs estates 

Urban sector x mos breast feeding 
Rural sector x mos breast feeding 
Education level of mother: 

none vs higher than secondary 
- primary vs higher than secondary 
- secondary vs higher than secondary 

Age of child (months) 
Perceived wealthyd 
Birth order: 

1st born vs 4th or higher 
- 2nd born vs 4th o~ higher 
- 3rd born vs 4th or higher 

Televieion vs no television in house 
Father a professional vs non professional 
a-SYSTAT codes a categorical variable with two levels as 1 
b-covariates that did not contribute to the model and were 

-2.2 
0.0 

-0.4** 
0.02** 

0.1** 
0.3 
0.01** 

-0.01 

-0.2* 
0.04 
0.03 

-0.01** 
0.2** 

0.2** 
0.1 

-0.1 
0.4** 
0.2** 

and -1 
deleted were: 

motherts work status, source of drinking water, type of toilet facility, 
type of floor in the home, electricity in the home, radio in the home, 
gender of the child, number of other children in the home. 
c- months of breast feeding 
d- perceived wealthy enough to own a change of clothes 
*- p-value less than 0.20, **- p-value less than 0.05, 
***- p-value less than 0.01 
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The results from the reduced model that included on1y significant 

covariates and the two effect modifiers -- source of non drinking water 

and area of reeidence -- were nearly the same as for the full model (see 

Table 4.18) for results of the reduced Analysis of Variance. 

Weight for age differences for number of months of ,reast feeding 

were dependent on source of non drinking water and area of residence. 

For the first interacticm, the weight-for-age of children from homes 

with an unprotected sour.ce of non drinking water were higher in those 

with a higher number of months of breast feeding. For children from 

homes with a protected source of non drinking water, the weight-for-age 

z-scores remained relatively unchanged for different durations of breast 

feeding (Figure 4.7). Children who breast fed for a longer duration 

were he av ier if the home relied on an unprotected source of no drinking 

water. 

Weight for 

Figure 4.7: The Association Between The Number of 
Months of Breast Feeding and the Weight for Age Z­
Scores of Children,Between 13-36 Months of Age, in 

Sri Lanka, Depending on Source of Non Drinking 
Watnr 

0.2 

0.1 

o --------------:::;."L-=----
Age Z-Scores -O. 1 

-0.2 

--- unprotected 
-0.3 --- protected 

-0.4 +-----~----~------~----~----~----~ 
5 10 15 20 25 30 35 

Monthe of Breast Feeding 

NB: recall that the coefficients for continuous variables are not 
included in the equation for computing adjusted cell means in SYSTATTM 
(74) • 
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1 For example, children from homes with an unprotected source of non 

drinking water who were breast fed for 24 months versus 8 monthe had 

better weight-for-age z-scores, +0.2 (95%CI; 0.1, 0.4). However, for 

children from homes with a protected source of dr inking water there wae 

no association between months of breast feeding and weight-for-age z­

scores; difference of -0.3 (9S\CI; +0.0, -0.6). 

The interpretation of the interaction of breast feeding with 

sector was very similar ta that reported for current breast feeding 

status (see Table 4.16). However, unlike objective 1 the simple effecta 

of number of monthe of breast feeding were aignif icant for children from 

rural areas. There was no difference in weight-for-age z-scoree for 

children from urban areas and estates who were breast fed for a longer 

versus a shorter duration. However, the weight-for-age z-scores for 

children from rural areas were aignificantly Iower in those breast fed 

for a greater number of months. The difference between children bre4st 

fed for 24 months versus 8 monthe was: 0.1 for those fram urban areas 

(95\CI;-0.2, 0.3); -0.3 for those from rural areas (9S\C1i -0.4, -0.1); 

and 0.2 for those from estates (95%CI; -0.1, 0.4). 

Weight-for-age z-scares were lower for oider children. In 

addition children from better living conditions had better weight-for­

age z-scores. Children with better weight-for-age came from homes where 

family members appeared wealthy enough to own a change of clothee, whoee 

mothere had education, whose birth arder was first or second, who SEl 

fathers were professionals, and who had a television. 

C. WEIGHT FOR HEIGHT 

1. DIF~RBHCBS IN NUTRITIONAL STAroS BBTWBDI BRDST PIlEDERS 

AIm NON BRBAST FBEDBRS TllAT VARIEn OVBR LEVBLS 0 .. MODIFIERS 

Two covariatp.s, out of sixteen, were statistically significant in 

modifying the association between current breast feeding status and 

weight-for-height z-scoree (Table 4.19). The se two effect modif iers had 

a p-value below 0.20. Differences in nutritional statua between breast 
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fed and non breast fed children depended on father' s professional 

status, and the area in which the child lived. 

Breast feeding children in urban areas and estates had better 

weight-for-height z-scorea than non breast feeding children in these 

areas, in the unadjusted equations. However, breast feeding children 

from rural areas had the lowest weight-for-height z-scores. In 

addition, breast feeding children whose fathers were professionals had 

better weight-for-height z-acores than non breast feeding children. 

Table 4.19: Unadjusted Differences in Weight-for-Height Z-Scores Between 
Breast Fed and Non Breast Fed Children That Varied Depending on Level of 
Cov&Iiates, From the Sri Lanka DHS 
Variable Not Breast Feeding Breast Feeding 

sector 
- urban -1.1 ~ 0.8(103)a -1.0 :!: 0.8(87 ) 
- rural -1.1 0.8(364) -.1.3 :: 0.8(671) 
- estates -1.2 + 0.8(59) -1.0 ± 0.8(119) 

Father Professional 
- yes -1.1 ~ 0.9(78) -1.0 ::!:. 0.8(74) 
- no -1.1 4 0.8(410) -1.2 ::!:. 0.8(766) 

a-mean standard deviation(sample size) 

These two significant effect modifiers were included in a11 

initial, full regression equations for the outcome weight-for-height z-

scores. 

2. OBJECTIVE OD: ~ ASSOCIATION BBTWEBIf ctJRRJDr.r BRlAS!r 

n!DJNG ClTAmS ABD WEIOJl!r-FOR-BBIGII!r 

•• WIUGJI!r FOR BIOft Z-SCORES 

An Analysis of Variance equation with current breast feeding 

status, the two significant effect modifiers (identified Aboye) and a11 

covariates (listed in Table 4.4 and the age of child in months) was used 

to predict weight-for-height z-scores. The interaction between 

professional statua of the father and current breast feeding status 

maintained aignificance (P<O.2). The other interaction between current 
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1 breast feeding status and the sector of residence failed to retain 

statistical significance. 

The results from the reduced model that included only significant 

covariates and the interaction between father's professional status and 

breast feeding status were nearly the same as for the full model (see 

Table 4.20 for results from reduced equation for Analysis of Variance). 

Table 4.20: 
Association 
Z-Scores of 

Coefficients From Analysis of Variance for Testing the 
Between Current B~east Feeding Status and Weight-for-Height 
Children 13-36 Months of A e in Sri Lankaa,b 

Variable 
Constant 
Not breast feeders vs breast feeders 
Father a professional vs non professional 
Father a professional x not breast feeding 
Age of child (months) 
perceived wealthy vs not wealthyC 
Permanent vs temporary floor 
Birth order 

- lst born vs 4th or higher 

Coefficients 
-1.8 

0.04* 
-0.1 
-0.1~* 

0.01** 
0.1** 
0.1** 
0.1** 

- 2nd born vs 4th or higher 0.1 
- 3rd born vs 4th or higher -0.1 

2+ other kids in home vs less than two 0.1* 
Television vs no television 0.3** 
Mother workin vs not workin 0.2** 
a-SYSTAT codes a categorical variable with two levels as 1 and -1 
b-covariates that did not contribute to the model and were deleted were: 
gender of the child, education level of the mother, sect or of residence, 
presence of electricity in home, radio in home, source of drinking and 
non drinking water, and type of toi let facilities. 
c-perceived wealthy enough to own a change of clothes 
*- p-value less than 0.20, **- p-value less than 0.05, 
***- p-value lesa th an 0.01 

The association between current breast feeding statua and weight­

for-height z-scores was modified by the professional status of the 

father, however, the simple effects of breast feeding were not 

significant at p=O.OS (Table 4.21). Children of professional fathers 

who were breast fed had slightly better weight-for-height z-scores than 

those who were not breast fed, but this was not significant at p=O.05. 

However, children of non professional fathers who were breast tad had 

slightly poorer weight-for-height z-scores than those who were not 

breast fed; again this was not significant at p=O.05. 



( 
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Table 4.21: Differences in Weight-for-Height Z-Scores Between Breast red 
and Non Breaet red Children, Depending on the Professiona1 Statue of the 
Father, After ControI1ing for Confounders 

Father Professional 

no 

1 ~:~3 Breast no 1-1.1 1 Feeding yes -1.2 -1.1 

Simple Effects 0.1 -0.2 

95\ CI (-0.0, 0.2) ( -0 • 5, +0. 0 ) 

Seven covariates were significant in predicting weight-for-height 

Z-Bcores. Weight-for-height z- scores were better for older chi1dren. 

In addition, children whose birth order was tirst or second, who lived 

ln homes with two or more children, whose family appeared wealthy enough 

to own a change of clothes, came from homes with a permanent floor and a 

television, and whose mothers worked to earn money had better weight­

for-height z-scores than their counterparts. 

b • DETERMIHIHG TIIB SrneT OF Irr.rBRillDIATB VARIABLES OH 

WIGHT FOR IIBIGBT Z-SCORES 

The effect of intermediate variables on weight-for-height z-scores 

and on the joint effect of current breast feeding status with the 

occupation of the father was assessed. Intermediate variables, 

incidence of diarrhea in the two weeks before the interview, and the 

number of months a child had been exposed to milks or solids, were added 

separately and jointly to the reduced model, which included aIl 

variables of interest that were significant. 

The incidence of diarrhea, added to the reduced model, was not 

significant (p=908). Also, the number of months a child had been 

exposed to miIks, other than breast milk, was not significant (p=0.246). 
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However, the number of mont he a child had been exposed to solids WAS 

significant in predicting weight-for-height z-scores (p=O.l6S). 

The number of monthe of exposure to solids remained significant 

when aU three intermediate variables were added simultaneously to the 

reduced model, while the other two intermediate variables d;.d not 

contribute to the model. A child who had been exposed to solids for a 

longer time had better weight-for-height z-scores than a child who had 

been exposed to solids for a shorter time. 

The addition of number of months of exposure to solids into the 

regression equation had a slight affect on the interaction between 

current breast feeding status and whether the father was a professional. 

But, the interpretation and direction of the interaction did not change. 

The values of the coefficients for the covariates were similar before 

and after the addition of the age of introduction of solids (Table 

4.22) • 

Table 4.22: Differences in Weight For Height Z-Scores Between Breast Fed 
and Non Breast Fed Children, Depending on the Profeeeional statue of the 
Father, After Controlling for Confounders and Months of Exposure to 
Solids 

Breast 

Feeding 

Father Professional 

no yes 

no 1-1
•

1 1-1 
•• 

yes -1.2 -1.1 

3. OBJECTIVE TWO: TIŒ ASSOCIATION BBTWBEH TUE HUMBER OP' 

MONTIlS OP BREAST P'BEDIH'G AND WEIGIIT POR DIOBT Z-SCOUS 

An Analysie of Variance with a11 covariates, identified a priori 

(listed in Table 4.4 and the age of the child), and the two previously 

identified interactions (Table 4.19) was used to assess the association 
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between number of months of monthe of breaet feeding and weight-for­

height z-scores. 

Weight-for-height differences for the number of months of breast 

feeding depended on area of residence (Table 4.23). Age was included in 

the Analysis of Variance equation and was a strong predictor of height­

for-age, but even with age in the model the interaction was still 

significant. In addition, six covariates contributed to the reduced 

Analyeie of Variance model. The results of the reduced model were 

nearly the sarne as the results for the full modela 

Table 4.23: Coefficients From An Analyeis of Variance for Testing the 
Association Between Number of Monthe of Breast Feeding and Weight-for­
Height Z-Scores of Children 13-36 Months of Age in Sri Lankaa,b 
Variable Coefficients 
Constant 
Monthe of breast feeding 
Sector: 

-1.8 
0.00 

- urban vs sect or -0 • 1 * * 
- rural vs sector 0.2 

Urban sect or x monthe of breaet feeding 0.01 ** 
Rural sector x months of breast feeding -0.01 
Age of child (monthe) 0.01** 
Perceived wealthyC 0.1** 
Permanent vs temporary floor 0.1** 
Birth order: 

lst born vs 4th or higher 0.04** 
- 2nd born vs 4th or higher 0.1 
- 3rd barn vs 4th or higher -0.1 

Television ve no television in house 0.2** 
Mother working vs not working to earn money O. 1 * 
a-SYSTAT codes a categorical variable with two 1evels as 1 and -1 
b-covariates that did not contribute to the model and were deleted were: 
the gender of the child, the education level of the mother, whether or 
not the father was a profeesional, the number of other chi1dren in the 
home, electricity in the home, radio in the home, source af drinking and 
non drinking water, and type of toilet facilities. 
c-perceived wealthy enough ta own a change of clothes 
*- p-value less than 0.20, * *- p-value less than 0.05, 
U*_ p-value less than 0.01 

Children from hames where the family wae perceived to be wealthy 

enough to own a change of clothes, had a permanent floor, had a 

television, whoee mathere worked to earn maney, and whose birth arder 
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l was first or second had better weight-for-height z-scores than their 

counterparts. AIso, weight-for-height z-scores were better for older 

children. 

Weight-for-height differences for number of months of breast 

feeding were dependent on the area of residence (Figure 4.8). Weight­

for-height z-scores of children from urban and estate areas were higher 

in those breast fed for a higher number of months. However, weight-for­

height z-scores for children from urban areas were lower for those 

breast fed for a higher number of months. 

WeiÇJîi.!:: f,)r 
Height z-

Scores 

Figure 4.8: The Association Between the 
Number of Monthe of Breast Feeding and th 

Weight-for-Height Z-Scores of 
Children,Between 13-36 Months of Age, in 

Sri Lanka, Depending on the Area of 
Residence 

0.5 
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I~""'" =--é----:-::-~-:--~----~ 
+__ --- urban 
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-0.2 
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Months of Breast Feeding 

NB: recall that the coefficients for continuous variables are not 
included in the equation for computing adjusted cell means in SYSTAT™ 
(74) • 

The interact ion between the Ilumber of months of breast feeding and 

the are a of residence was significant at p=O.05. The height-for-age z­

scores of children from urban or estate areas were not significantly 

higher for those breast fed for a longer duration versus those breast 

fed for a shorter duration. However, t.be height-for-age z-scores of 
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children from rural areas was signiricMtly lower fOI' thnse lW('l.\sl fI'!' H 

greater number of months. 

'TI1e di ffet'ences in weight-for-height Z-SCOl'PS lx'tW(-,,(,ll ('hi Idl'011 

breast fed for 24 monthf'> versus 8 months werc: H).O fOI' thOHf' f),()1II IId>/ut 

areas (9591.('1;-0.0, 0.0); -0.2 t'm' those fl'UnI 1'\Il'R] ar('as (9591';:'1: -0.:\, 

-0.1); and 0.1 for those front estates (95'Y..c1; -0.1, O.:~). 

D. SUMMARY OF THE ASSOCIATIONS BETWEEN BRF,AST r·'r·~lmI NG ANI> 
NUTRITIONAL STATUS 

The aRsociat ion betwppn breast fp<.::Ju'lg and nut.ri t ional RtatuR WI\H 

modified b~ other factors, and was st.at.istically :odgnificant. BrPllst 

feeding was advant.ageous in certai n groups and not IldVlU1ttlg(~()IIH in 01 hpl' 

groups with regards to the nutritional statuH of ehi Idl'Pfl (Tllhlf' 4.24). 

Table 4.24: Signjficanl Modifiers of Ihe Association Bctw('(\11 Bl'PllHt 
Feeding and Nutri li onal St.\tus and Di reet i Oll of t hp AH soc iatioll, in 
Chi Idre'l 13-36 Months of Age in Sri Lanka 

Hejght~=fo~:': r--W~ighi-f~;r'':--I-wëjgh.' -for-

Effect of current breast 
feeding in: 

lmeducated mothers 
Effect of number of months 
breast feeding in: 

educated mothers 
mother working money 
unimproved non drinking 
water 
rura 1 al'eas 

of 

+ 
+ 
0 

0 

age 1 aJ.t'e h(~ 1 ght 
dir~etion of associatIon) 

0 (:j 

0 0 
0 0 
+ 0 

Breast feeding status was negatively associated wi lh height-f'or­

age z-scores of chi Idren whose mothers dic! noL have: ail (~dlJ('alion. 

However, the height-for-age z-scores were positively assoc:iated with 

greater number of rnonths ot' breasl feeding for chi Idr'lm whoHe moUwrs 

had primary or higher than secondary educat ion. Aiso l a grf'atc!r 11I"ilt>f!r 

of months of breast feeding was PO!-d tlvely a . .,;sociaU'd wi th thl' hpight.­

for-age z-scores of chi Idren of rnot.hen who worked 1.0 ea.rn money, and 

wHh weight-for-age z-scores for chi Idn~n ",br) came frnrn homm; wi th rul 
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l unimproved source of non drinking water. For children from rural areas 

a greater number of months of breast feeding was negatively associated 

with weight-for-age and weight-for-height z-scores. 

The intermediate food variables did contribute ta the Analysis of 

Variance equations, but the intermediate variable for disease 

incJ dence of diarrhea -- did not contribute to the equations. The 

number of months of exposure ta mil:ts, other than breaat ml..lk, was 

significant in predicting height-for-age z-scores and weight-for-age z­

scores. The number of months of exposure ta solide was signHicant for 

weight-for-height. 
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l CHAPTER F1VE: SUMMARY AlfD DISCUSSION 

Simple ulladjusted resul1.s showed no differences between breast 

feeders and non breast feeders, yet thoee that did not breast feed had 

better living conditions, suggesting that t~east feeding may be 

protective in sorne way. Adjusted re~ults shuwed breaet feeding to be 

advantageoue for the nutritional atatue of children ove~ 12 months of 

age for children whose mothere worked to earn money, who came from homes 

with an unprotected source of non drinking water, and whose mothers had 

primary or higher than secondary education. The positive results 

contradict aIl previous studies examining the relationship between 

prolonged breast feeding and nutritional status. Breast feeding was 

also found ta be negatively associated with nutritional status for 

children whose mothers were uneducated and for children who lived in 

rural areas. 

A summary of findings is presented, with the effect of each 

modifying factor reviewed in light of other studies. Subsequently, the 

control of intermediate variables on nutritional status is presented. 

This is followed by a discussion of the strengths and limitations of 

this study. Finally, the implications and recommendations for future 

research are discussed. 

1. SUMMARY OF FINDINGS 

Children breast feeding for a long duration had better nutritional 

statue than those br~aet fed for a short duration if their mothers 

worked to earn money or if they came from homes with an unprotected 

source of non drinking water. Those breaet fed for a longer duration 

had poorer nutritional etatus than those breast fed for a shorter 

duration if they came from rural araas. Also, children of uneducated 

mothers had poorer nutritional status if they were currently breast fed 

than if they were not currently breast feeding. The results of each of 

these effect modifiers will be discussed below. 
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A. Nork Status of the Mother 
Arnong children Wdoee mothe.rs worked ta earn money, those breast 

fed for a greater number of months were taller than those breast fed for 

a shorter rlumber of monthe (eee Figure 4.4). In homes where mothers 

worked to earn money, the difference among 28 month old children breaet 

fed for 24 monthe versus 8 months (one standard deviation range for 

monthe of breast feeding) wae 0.9 centimetres (95% Confidence Interval; 

+0.0, 1.8). This corresponds to approximately one fifth of the observed 

height for age deficit. HO\lever, for children of non working mothers 

the difference in height-for-age z-scores for longer versus shorter 

durations of breast feeding was not significant. 

Working women who breast feed their children for a greater number 

of monthe versus fewer number of months may have taller children for two 

reasons. The first ie that the incidence of disease may :.,e lower in 

children breast fed for a longer period than in children breaet fed for 

a shorter periode Breast milk has been shawn ta he protective aga in st 

disease into the se~ond and third year of life (5, 15, 43, 45, 46). It 

is also protective againet diseaee in the first year of life, during 

infancy, so that breast fad children have a better start in life. The 

eecond reason is that breast milk is a valuable source of energy and 

nutrients during the second and third year of life (37, 55). If breast 

milk is a supplement to other foods then it would be an added source of 

nutrients in the child's diet, which would facilitate increased growth. 

However, if breast milk was a substitute for other foods then breast fed 

children may receive lower quantity and quality of foods, which would 

result in poor growth. 

Children who were breast fed for greater than 13 monthe, at any 

particular age (13 months of age or over) had better height-for-age z­

scores if their mothers were working than if they were not working. For 

example, children, 35 months of age, who were breast fed for 30 monthe 

were 0.9 cm taller if their mothers worked to earn money than if their 

mothers did not work to earn money. Children breaet fed flJr greater 

than 13 monthe of working mothers may be taller than children of non 
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1 working mothers because working mothers have more income to obt~in a 

larger quantity and quality of food (80). 

The unadjusted results from a study in the Philippines showed that 

working mothers provided their children, 1-71 months of age, with more 

calories and protein, excluding breap.c milk, than non working 

mothers(81). However, after controlling for confounding, such as iamily 

income (excluding the mother's income), the work status of the mother 

did not significantly increase the dietary intake of c:üldren. If work 

statue wae to affect quantity and quality of food available, it would 

not affect infants who may be exclusively breast fed but would affect 

children when they start on weaning foods -- during the later half of 

infancy and into the second and third years of life (Figure 4.4). 

The height-for-age z-e.cores of children, who were breast fed for 

thirteen months or less, at any pacticular age (age, of course, being 

equal or greater than the number of months of breast feeding), were 

better if their mothers were not working than if they were working. For 

example, children, 3S months of age, of non working mothers who were 

breast fed for 5 months, were 0.5 cm taller than children of working 

mothers. 

An explanation for improved height-for-age z-scores of children, 

thirteen months of age or younger, of non wOJ:'king versus working mothers 

may be related to time. Women are the primary caretakers of children in 

early infancy (82). However, wcmen who work need to d~vert time from 

child care to their work (83). The amount of time a mother has 

availablE to care for her children greatly affects child nutrition, 

through food preparation and attention to feeding (84). If this ia the 

case then non working mothera would have more time for their children, 

leading to better growth as compared to children of working mothers (see 

biological model in Chapter 2). 
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B. Source of Non Drinking Water 
Childre , from homes with al. unprotected source of non drinking 

water, breast fed for a greater number of months were heavier than those 

breast ft!d for a shorter number of months (see Figure 4.7). In home:B 

with an unprotected source of non drinking water, the difference arnong 

28 month old children b~;~ast fed for 24 months versus 8 months (one 

standard deviation range for months of breast feeding) was 420 grams 

(95% Cli 140, 690). This corresponds to approximate1y one seventh of 

the observed weight for age deficit. However, for chi1dren from homes 

with a protected source of non drinking water the difference in height­

for-age ;t-e;cores for longer versus shorter durations of breast feeding 

was not signif icant. 

This ditference associated with duration of breast feeding, for 

children from homes with an unprotected source of drinking water, may be 

because vreast milk contin11es to be protective against disease into the 

second and third years of life (5, 12, 15, 43, 45, 46). In addition, 

breast fed children from homes with an unprotected source of non 

drinking water may be he3vier than their non breast fed counterparts 

because breast milk contl.nues to be a va1uable source of energy and 

nutrients after the first y,~ar of life (37, 55). Also, this survey was 

conducted dur ing a time of food shortage, in which breast milk would 

become an even more valuable source of nutrients in the chi1d 1 s diet. 

However, food shortages do not affect the compositi.on of mother 1 s milk 

(5, 14) 

The weight-for-age z-scores of children from homes with a 

protected source of non drinkillg water ramained relatively unchanged for 

children breast fed for a greater number of months as compared to ~i.!')se 

breast fed ior a shorter number of monthEl (see Figure 4.7). Fo)." 

example, in a home with a protected source of non drinking water, a 35 

month old child was only 30 grams lighter if breast fed for 30 months 

rather than 5 monthe. 

It ia like1y that if a family used an improved source of non 

drinking water they would use an improved source for their drinking 
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water. It has been reported that exclusive use cf impro"·.,,d water supply 

for drinking and cooking results in improved growt~ of children one to 

four years of age, regardless of breast feeding status (86). 

There was a1so a difference in ~eight-for-age z-scores between 

children from homes with a protected -'ersus a non protected source of 

non drinking water. Children breast fed for less than 26 months weighed 

more if they came from homes with " protected source of non drinkiny 

water than if they came from homes wJ.th an unprotecteà source of non 

drinking water. However, the opposite was true for children breast fed 

for more than 26 months. For example, 35 month old children who were 

breast fed for the first 5 monthe from homes with a protected source of 

non drinking water were 500 grame heavier than children with similar 

characteristics coming from homee with an unprotected source of non 

drinking water. 

C. Educat; on of the rtother 

Education modif ied the difference between breast feeders and non 

breast feeders, and the number of mont he of breast feeding for height­

for-age z-scores. This was statistically significant (p=O. 05) for both 

current breast feeding status (objE.-:~.ive 1) and for the duration of 

breast feeding (objective 2). 

Children whose mothers had prima.ry, or higher than secondary 

education had better height-for-age z-scores if they were breast fed for 

a greater number. of months than if they were breast fed for a shorter 

number of montha. Among 28 month old children whose mothers had higher 

tha:l secondary education, the difference between children breast fed for 

24 months versus 8 months was 6.0 cm ~ 95% CI; 3.8, 'L 4) . This 

corresponds to the observed hei.ght for age deficit. Among 28 month old 

children whose mothers h 'ld primary education, the difference between 

childl."en breast fed for 24 months versus 8 months (one standard 

deviation range for months of breast feeding) wao O.9cm (95\ CI; 0.1, 

1. 7). This corresponds to approximately one sixtl, of the observed 

height for age defici-::. 
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People with more education consume more nutritious dittts because 

they can purchase. prepare, and distribute foods more efficiently (78). 

Many etudies show that maternaI education ie associated with improved 

child nutrition, even after controlling for the effect of education on 

income ancl other confounding var iables (79). 

Children breast fed for a longer duration \"ere taller if the~:, 

mothers had primary or higher than secondary education. If education 

level is a proxy for income -- more educated coming from higher income 

levele -- then the results comparing differenc4!s in children, of 

educated mothers, breast fed for a longer versus a shorter duration do 

not support the results of a previoue study. In the previous study from 

Brazil (see review in Chapter 2) prolonged breast feeding was assoc:iated 

with poorer nutritional status in children from middle and upper income 

levels (65), the opposite from results of 4;hia atudy. The difference 

between the results of these studies could be explained if brEo'lst milk 

was used as a substitute for other foods rather thar. a supplement in 

higher incorne groups in Brazil but not in Sri Lanka. 

tlowever, breast fed children of uneducated mothers were the 

shortest (statistically significant at p=O.05 for current breast feeding 

statua). A difference of 0.4 z-acorea was found between breast fed and 

non breast fed children of uneducated women. This translates to 1. 3 cm 

for a 24 month old male. This ia equivalant to one quarter of the 

height for age deficit from the NCHS reference median. 

There could be two reasons for the poor height-for-age z-scores of 

currently breaet feeding children of uneducated mothers: increased 

levels of disease or poor food intake (54). For children of non 

educated mothers the levels of disease were expected to be the sarne or 

better for those who were breast fed than those who were not. In 

agreement, ths percentage of children with diarrnea was sjmilar in the 

breast fed and not breast fed groups for those children whose mothers 

were unedur.ated. 
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1 D. Area of Res; dence 

Chi~_cen from rural areas were shorter for their age, and shorter 

for their heights' if they were breast fed for a grea.::er number of 

months than if they were breast fed for a shorter number of months. The 

modifying effect of area of residence was sLmilar for the associations 

between number of months of breast feeding and weight-for-age and 

weight-for-height z-scores. Therefore, only the results for the weight­

for--age outcome will be described and discussed in detail. Rural in 

this discussion refers to all rural ar~as, excluding estates. Estates 

are commercial plantations of tea, rubber, coconut, and spices. 

Breast fed children in estates and urban areas had bettar weight 

for age z-scores than non breast fed children, however this was not 

significant at p=O.05. Breast fed children in rural areas had 

significantly lower weight-for-age z-scores than non breast fed 

children. In rural areas, the difference among 28 month old children 

breast fed for 24 months versus 8 lI',onths (one standard deviation range 

for months of breast feeding) was 340 grams (95% CI i 140, 560). This 

corresponds to approximately one seventh of the observed weight for age 

deficit. 

In rural areas, the differences 'n nutritional status of children 

brea3t fed for a long versus a short duration could be due to quality or 

quantityof intake. Breast milk is an energy dense food (9, 14, 37). 

Therefore, if the quality of supplemental foeds is similar in the two 

groups, cne overall quality of intake should be better in the breast fad 

group resulting in better growth. However, mothers who breast feed for 

a long period may give inadequate weaning foods (75). Many tradltional 

weaning foods have been ahown to be nutrit:.ionally inadequate (37, 76, 

77) • 

Also, the quantity of food intake may be greater in non breast fed 

versus breast fed children. Breast milk may suppress appetita and 

thereby decrease the demand for other foods (13). No direct maasures of 

food intake were recorded (see discussion of intermediate variables). 
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In general, regardless of duration of breast feeding, children 

trom the estates had the poorest nutritionel stat.lS. On average, a 24 

month old breast ted child from the estates was 900 grarns lighter than a 

breast fed ehild from urban areaa, of the Barne age. This may be b.)cause 

condit10ns in estates are n?t as good as in rural or urban areas. For 

example, the facilities availabl~ in estbtes, such as water pumps, are 

poorly mal.ntair}ed, often out of use, and f3hared by many households (8f). 

The accesp to health care may also be lower in the ~states than in rural 

or urban areas. However, the low nutritional status of children from 

esta tes was not due to diarrheai 5% of children from rural areas had 

diarrhea in the two weeks befora the interview while lel':d than 1% of 

children from estates had diarrhea in this time period. 

Children in rural areas had poorer nutritional statua than thoae 

in urban areas poasibl y becaus,~ they too ~ay have less access to health 

services. For exarnple, Colo~bo, the capital city of Sri Lanka, and 

surrounding urban feeder areas have n.ore specialized hospitals, such as 

a pediatrie hospital, which are used mainly by residents of that area 

(85) • 

In addition, thia survey was conducted during the months when food 

shortages have been reported to occur (21). Therefore, in the short 

term, children in rural areas and estates may have poorer nutritional 

status than those living in urban areas because food short ages may be 

more widespread in rural areas and estates. This may be why the 

associations between breast feeding and weight-for-age and weight-for­

height were af~ected by area of residence but height-for-age, a measure 

of long term nutritional status, was not modified by area of residence. 

However, there muat be some means of cateh-up growth that allows 

children frorl1 estates and rural areas to attain similar height-for-age 

z-scores as for children from urban areas. B'Jt, the nurnber of months of 

exposure to milks and solids was greater in the urban group than in the 

rural group. And, the nurnber of months of exposure to solids was 

greater in the urban group than in the estate group. 
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II. ADDITION OF INTERriEDIATE VARIABLES 

In all previous studies analyzing the association between breast 

feeding over 12 months and nutritl.onal status, there was a 1.-.:;1( of 

assessment of intermediate variables. In the analyses for these thesis 

there was an attempt to control for intermediate variables but the 

variables were not defined as preclsely as possible. 

The intermediate variables included in this study were related to 

both rei\sons for poor nutritional status: increased levela of disease 

and poo~ food intake (54). The intermediate variable related to disease 

was if the child had diarrhea in -che two weeks before the interview. 

The intermediate variables related to food l.ntaj..e were the number· of 

months of exposure to solids and milks, other than breast rnilk. 

The intermedia~e variable of whether or not the child had 

diarrhea, in the two weeks before the interview, was not a significant 

predictor of nutritional status. There were three methodological 

problems with using diarrhea (19): 

1. it was not defined for the mother, and therefore the interpretation 

of it may not be consistent. Mothers rnay respond differently 

depending on the severity of the diarrhea. 

2. mothers may forget about a child having diarrhea two weeks ago, 

therefore the actual rates of diarrhea rnay be higher than those 

reported. However, under reporting is not expected to be different 

in the breast fed or non breast fed group, although the incidence of 

diarrhea may be higher in the non breast fed versus breast fed group, 

due to the irnmunological factors against diarrhea 1Il breast rnilk. 

3. diarrhea in this study was not measured during the monsoon season 

when rates are high. Lac)(- t;)f findings for wasting may be due to 

aeason. C:urrent diarrhea ia a good proxy for recurrent diarrhea. 
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Therefore, if there is control for diarrhea and there ia still a 

difference in nutritional status then something otner than diarrhea 

must be the reacon for the difference. 

Another problem was when this variable was added te a regression 

equation. The ma)ority of the children did not have diarrhea in the two 

weeks before the l.nterview, leaving very littie variability in the: 

sample. However, if the effect of diarrhea was large, it would have 

been found. In addition, it has been suggested that the effect of 

diarrhea on the Iength of children is srnall, if children have adequate 

nutrient intakes (56). However, if diarrhea rates are Iow and leveis of 

malnutrition are high, it euggests that food intake is insufficient. 

The numbers of monthe that children had been exposed to milks and 

solids were signit l.cant contributors (p-value<O. 20) of nutritionai 

status. Ho\~ever, the addition of these two intermediate "ariables did 

not affect the interpretation of estimates for breast feeaing or the 

interactions between breast feeding and other variables. In addition, 

the mean square error of the model and the R squared terms were not 

greatly affected by the addition of these intermediate variables. 

There waa no conaistency in nutritionai outcomes for the number of 

months of exposure to milks, or solide. In general, children who had 

been exposed lo rnilks or solids for a longer tirne had better nutl'itional 

statue than those exposed to milks or solids for a shorter time, ~\fter 

controlling for confounders and effect modifiera. The height-for-age z­

scores and welght-for-age z-scores lncreased when children had been 

exposed to milks, other than breast milk, for a long tirne. The weight­

for-height z-scores viere better for children who had been expoaed to 

solids for a long time. On average, children were exposed to solide for 

19 months, which was mUI::h longer than the average exposure to milks, 

which was 14 months. 

A problem of using number of months of exposure to milks or solids 

i·, that duration may not be a good reflection of quality or quantity of 

food lntake. The quality of supplemental foods may be lower in the 
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breast fed group because mothers who breast feed fer a long period may 

give inadequate weaning foods (75). However, quantity of food te not 

alwé"ys equivallmt ta quantity of nutrients. 

In addition, there can be a problem with mothers having difficulty 

recalling when certain foods were introCluced in~o the child' s diet. 

This happened in a pilot survey resulting in the researchers abandoning 

the questions in the final survey (49). AIso, there may be other foods, 

not included in the survey, that may be important sources of energy in a 

child' s diet. 

There was no q-",antitative information on foods consumed. The 

duration of exposure to solids and milks does not provide the sarne 

support for the hypothesized mechanism, as do actual dietary intakea of 

children. 

II 1. STRENGTHS OF STUDY 

The question of whether the nutritional status of children, over 

12 monthe of age, who are breast fed is the sam-:! as or better than that 

of non breast fed children had rlot been adequately examined or clearly 

explained in previous studies. Previous studies showed that prolonged 

breast [eeding had a negative effect on growth. However, these etudies 

d5.d not assess intermediate variables, and only one examined effect 

modification. Therefore, the Sri Lanka Demographie and Health Survey, 

which included intermediate variables, was used to analyze this iSfJ'lle 

further. 

The approach to the definition of breast feeding was als() a 

strength. Current breast feeding statlls and duration of breast feeding 

were used separately to examine nutritional status. The results from 

each of the se breast feeding variables were different, indicating a need 

to describe prolonged breast feeding more accurately in future studies 

(Table 4.24). 
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The data set used in these analyses contained many covariates of 

interest, making it possible to control for many more biolcgically 

important covariates than in previous studies. All together there were 

eighteen covariates that were added initially to each of the analyses 

(see Table 4.4), although not all were significant predictors of 

nutritional status. These covariates included proxies for maternal, 

paternal and household characteristics. Covariates that were controlled 

here and not in previous studies examining the association between 

breast feeding children over 12 months of age and nutritional status 

were: 

type of toi let facility 

source of drinking water 

source of n,on drinking water 

work status of the mother 

electricity in home 

television in home 

radio in home 

type of floor 

number of other children in the home 

Covariatea that were not controlled here but were controlled in other 

studies were: 

incorne 

ethnie background 

type of family (nuclear or extended) 

previous hoapitalization 

Another strength of this study was that first order interactions 

between breast feeding and each covariate were examined, while only one 

previous study reported interactions. It was through these interactions 

that the positive effects of breast feeding were realized. 

Sorne other strengths were related to the data set itselr. There 

was a large sample of children, 1411, between the ages of 13 and 36 

months. The sample size was within the range of sample sizes in 

previous studies. There were also high levels of malnutrition, and this 
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ensured that if there was a difference it could be adequately assessed. 

There was a problem of insufficient malnutrition in one of the previous 

ptudies (52). This was also one of the criterion to avoid negative 

results. In addition, there were a large number of. children that were 

hreast fed well into the third year of life, another criterion to avoid 

negative results. There was sufficient prolonged breast feeding in all 

previous studies. The interviewers collecting the data were aIl 

trained. The inter and intra examiner error was low for measuring 

heights and weights -- within the recommendations of the United Nations 

-- still another criterion to avoid negative r~sults. 

IV. LIMITATIONS OF STUDY 
Along with the strengths, there were sorne limitations to this 

study. The first was that data were not collected to Assess this 

hypothesis. Therefore, these secondary data analyses were limited 1:.., 

information already ~ollected. 

Another limitat; .. ln was that aV. covariates were initially testeà 

as possible effect m~"Idifiers. However, in trying to find effect 

modifiers there is a riek of finding effects that may be due to chance. 

Therefore, a p-value of 0.05 was used to dEtl.:erm~.ne statistically 

important modifiers of the association between breast feeding and 

nutritional status, rather than a p-value of 0.20, which was the initial 

eut-off. 

For some subgroups there may not have been enough power to detect 

a differ~nce. For example, breast feeding status was positively 

associated with weight-for-height z-scores of children whose fathers 

were professional at p=O. 2 but not at p=O. 05. In this dat.a set only 152 

children's fathers were professLonals. With this sample size there was 

85% pownr to detect a difference of 0.60 but only 17% power to detect a 

difference of 0.20 weight-for-height z-scores, with 95' confidence. 
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Also, sorne recall error rnay he present for number of months of 

breast feeding, when other foods were introduced and diarrheR in the two 

weeks before the interview. Recall error could introduce bias in the 

sample, thereby decreasing the ability ta find a difference in 

nutritional statua betw(,en breast fed and non breast fed children. 

However, a difference in nutritional statua between breaat fed and non 

breast fed children wao found in this study, therefore this was not a 

problem. Children trom lower socio-economic groups may be more likely 

ta be adversely affected by recall error and these are also the children 

that are more likely ta be breast fed. Therefore, the association 

between breast feeding and nutritional status would be more positive 

than th\t found in this study. 

It is also possible that the association between breast feeding 

and nutritional status could be due ta other effects not measured here 

that may have confounded the results. 

Yet another limitation of this study was that a survey of 13 to 36 

month old children may only be representative of healthy survivors. 

This is especially important when examining the effects of breast 

feeding because breast. feeding is known to be protective in the first 

year. Therefore, inf,~nts who come from poor families and are not breast 

fed are less likely ta survive to their first birthday than breast fed 

infants. The non breast feeding survivors may be the healthy, weIl o~f 

(those from higher socio-economic groups) children, introducing sample 

bias. The non bea~t feeding children who are the survivors would not be 

true representativea of all non breast feeding children. However, the 

removal of sample bias, if it exists, would result in the true 

difference between breast fed and non breast fed children being more 

positive than found. 

The sixth limitation of this study was that information on quality 

of food in the child's diet and quantity of food consumed by the child 

was not available. This limitation was discussed in detail in the 

section on "Addition cf Intermediate Variables," earlier in this 

chapter. 
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The seventh limitation of this study was that it was l'ot a cohort 

study. No causal relationships could be established or refut~d. 

However, the associations between breast fed children over 12 months of 

age and nutritional status were plausible and are of value for future 

research. 

V. RECOMMENDATIONS 
Three recommendations can be made that would decrease thb negative 

association and enhance the positive association between prolonged 

breast feeding and the nutritional status of children. 

1. Children of educated mothers have much better nutritional status lf 

they are breast fed for a longer rather than a shorter duration. 

Therefore, educated mothers should be encouraged to breast feed as 

long as possible. In addition, uneducated mothers only comprise 

three percent of the entire population, which may not be of public 

health importance, but is a group that can be easily targeted. 

Therefore, weaning programs should focus on uneducated mothers who 

are breast feeding their children, as these children are shorter than 

non breast fed children of uneducated mothers. Maternal education, 

without changing household income was found to have a positive effect 

on child nutrition, in Indonesia and Bangladesh(83) 

2. Working mothers should be encouraged to breast feed their children 

well into the second and third years of life. Access to children 

during work hours could be accomplished through (87): 

mobile crèches at the work site where care for children is 

provided by trained women, 

community day care programs where mothers rotate 

responsibility, 

co-operatives where women are g~ven work credits for breast 

feeding. 
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{ 3. Mothers of children from homes with an unprotected source of non 

drinking water should be encouraged to breast feed as long a3 

possible. Weaning programs éI'ld other progl'ams aimed at decreasing 

dieease should also target these children sc that they do not start, 

in infancy, with much 10wer weighte than children from homes with a 

protected source of n01' dr inking water. Use of unprotected non 

drinking water is reported to bc aasociated with poor nutritional 

statue in children between 1-60 months of age (86). 

VI. FUTURE RESEARCH 
Findinqs trom this study for certain subgroups contradict previous 

etudiee. The results of this study suggest that the associations 

between breast feeding and nutritional status are mainly positive and 

depend on other facto~s. Future research could corroborate these 

resulte with better measurement, deeign, sampling and analyses. 

Identifying the presence or absence of modifying factors would 

decrease the likelihood of making erroneous conclusions. For example, 

the effect of breast feeding ie dependant on the work status and 

education level of the mother. It would also be important to include 

covariates of interest, identified in this and other studies, that may 

contribute to predicting nutritional status. 

Studies that are designed to evaluate the impact of prolonged 

breast feeding need to meet the criteria to avoid neg~tive results, as 

listed in chapter two. This includes an adequate sample size, 

sufficient malnutrition and prolonged breast feeding in the population, 

the measurement of intermediate outcomes, such as rates of disease and 

intakes of foods, and concomitant outcomes, such as mortality. However, 

due to the limitations of qualitative data on food it ia atrongly 

encouraged that quantitative data be used. 

The above recommendations could be met through a cohort study that 

would make it possible to identify causal relationships, if any, between 

children breast fed beyond 12 months and nutritional status. In 
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addition, changes in dietary intake of children, including quality and 

quantity of foods, could be measured in a cohort study. Survival bias 

could be measured if data on all children between birth and 36 months of 

age was collected longitudinally. 

These issues need to be evaluated more carefully in a longitudinal 

study. 
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APPBNDIX A 

DBI'INITIOIf OP VARZABLBS TBAT WBRB NOT TRANSPORMZD 

Variable name in original data set rG..:eived from the DHS ie included in 

brackets. 

aector (xssector) urban, rural, or estate 

l urban 

2 rural 

3 estates 

electric (xv119) . doee the house have electricity ? . 
a no 

1 yes 

radio (xv120) does the house have a radio ? 

a no 

1 yes 

tv (xv121) does the house have a tv ? 

a no 

1 yes 

poor (xs803) : members of the household appear wealthy enough ta own a 

change of clothes 

1 no 

2 yes 

edlevel (xvl06) mothers education level 

o no education 

1 primary 

2 secondary 

3 higher 

X-l 



sex (xb4) sex of child 

1 

2 

male 

female 

mwork (xv714) whether the respondent is currently working 

o no 

1 yes 

bfyn (xv404) child currently being breast fed 

o no 

1 yes 

xcaseid identifies each respondent 

xvOOS sample weight 8 digit variable with 6 decimal places 

xv006 month of interview 

agemnth age of the child, in months 

bfmos (xmS) months of breast feeding 

weight (xhw2) weight in kilograms 

height (xhw3) height in centimetres 

stunted less than minus two standard deviations for height for age 

underwt less than minus two standard deviations for weight for age 

wasted less than minus two standard deviations for weight for height 

htagez height for age z-score 

wtagez weight for age z-score 

wthtz weight for height z-score 

X-2 



( APPD'PII B 

Table AlI o.acriptive stati.tic. for all continuou. variable. 

VARIABLE SAMPLE SIZE MEAN STANDARD DEV 

AGEMNTH 1411 24.017 6.836 

OFMOS 1411 16.306 8.397 

NMILKCR 1405 9.790 11. 528 

NCREAM 1410 10.112 9.433 

NCOWMILK 1401 2.984 6.986 

NCUNGEE 1408 15.619 9.520 

NEGGS 1408 13.966 9.016 

NPOTATO 1410 16.087 8.030 

NFRUIT 1408 17.536 8.230 

NMILK ... K 660 15.720 7.766 

NSOLIOLK 1190 15.610 7.412 

NFOOD 1410 19.718 7.401 

MILKCR 1410 52.557 46.388 

{ CREAM 1410 37.191 40.535 

COWMILK 1410 78.697 34.456 

CUNGEE 1410 19.635 32.967 

EGGS 1410 21.016 31.424 

POTATO 1410 Il. 225 18.752 

FRUIT 1410 10.248 20.287 

MILKLK 660 8.297 4.637 

SOLIOLK 1190 8.384 3.657 

FOOD 1410 4.352 3.761 

MILK 1399 14.443 10.342 

SOLIO 1404 19.128 7.495 

X-3 
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t APPBNDII C 

~able A2: Descriptive Stati.tics for a11 Categorieal Varjab1.s 

VARIABLE VALUE FREQ PERCENT VARIABLE VALUE FREQ PERCENT 

WATER24 · 771 54.64 BORDER 1 427 30.26 

0 18 1.28 2 394 27.92 

l 622 44.08 3 293 20.77 

JUICE24 · 771 54.64 4 130 9.21 

0 423 29.98 5 82 5.81 

1 217 15.38 6 33 2.34 

PMILK24 · 771 54.64 7 26 1.84 

0 345 24.45 8 16 1.13 

1 295 20.91 9 6 0.43 

MILK24 · 771 54.64 10 1 0.07 

0 604 42.81 11 3 0.21 

1 36 2.55 SEX 1 744 52.73 

LIQUID24 · 772 54.71 2 667 47.27 

0 294 20.84 FLOOR2 · 2 0.14 

1 345 24.45 0 677 47.98 

SOLID24 · 772 54.71 1 732 51.88 

0 109 7.73 CIAR2 · 4 0.28 

1 530 37.56 0 1300 92.13 

ClAR · 4 0.28 1 107 7.58 

0 1293 91.64 BFMOS2 0 464 32.88 

1 34 2.41 1 947 67.12 

2 73 5.17 BFMOS3 · 947 67.12 

8 7 0.5 0 177 12.54 

POOR · 1 0.07 1 287 20.34 

1 146 10.35 AGEGRP 0 373 26.44 

2 1264 89.58 1 361 25.58 

2 357 25.3 

4 320 22.68 

1. 
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( De.eriptive stati.tic. for aIl Categorieal Variable. (eont.) 

VARIABLE VALUE FREQ PERCENT VARIABLE VALUE FREQ PERCENT 

FLOOR 1 14 0.99 MWORK 0 1153 81. 72 

2 718 50.89 1 258 18.28 

3 4 0.28 BFMOS4 0 14 0.99 

4 668 47.34 1 163 11.55 

5 ~ 0.35 2 160 11.34 

6 2 0.14 3 1074 76.12 

DWATER2 0 903 64. BFYN 0 528 37.42 

1 508 36. 1 883 62.58 

NWATER2 0 629 44.58 UNDERWT . 10 0.71 

1 782 55.42 0 753 53.37 

TOIL 0 891 63.15 1 648 45.92 

1 520 36.85 FWORK . 2 0.14 

'l'OIL2 0 343 24.31 1 352 24.95 

1 1068 75.69 2 16 1.13 

( BIRTHNO 1 427 30.26 3 157 11.13 

2 394 27.92 4 145 10.28 

3 293 20.77 5 113 8.01 

4 297 21.05 6 132 9.36 

FOCCUP . 75 5.32 7 121 8.58 

0 1182 83.77 8 123 8.72 

1 154 10.91 9 10 0.71 

SECTOR 1 190 13.47 10 4 0.28 

2 1040 73.71 11 16 1.13 

3 181 12.83 12 7 0.5 

DWATER 1 77 5.46 13 5 0.35 

2 29 2_06 14 126 8.93 

3 211 14.95 15 73 5.17 

4 37 2.62 24 7 0.5 

5 549 38.91 25 1 0.07 

6 398 28.21 98 1 0.07 

7 95 6.73 

( 9 15 1.06 

X-5 
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Descriptive Stati.ties for aIl Categorieal Variables (cont.) 

VARIABLE VALUE FREQ PERCENT VARIABLE VALUE FREO PERCENT 

ELECTRIC 0 1145 81.15 STUNTED . 10 0.71 

1 266 18.85 0 909 64.42 

TV 0 1198 84.9 1 492 34.87 

1 213 15.1 WASTED . 8 0.57 

RADIO 0 433 30.69 0 1195 84.69 

1 978 69.31 1 208 4.74 

NWATER 1 76 5.39 EDLEVEL 0 154 10.91 

2 24 1.7 1 422 29.91 

3 119 8.43 2 507 35.93 

4 29 2.06 3 328 23.25 

5 381 27. CHILDREN 0 21 1. 49 

6 440 31.18 1 536 37.99 

7 321 22.75 2 661 46.85 

8 1 0.07 3 172 12.19 

9 20 1.42 4 17 1.2 

TOILET 0 343 24.31 5 4 0.28 

1 36 2.55 KIDS 0 557 39.48 

2 484 34.3 1 854 60.52 

3 513 36.36 

4 2 0.14 

5 33 2.34 

l 
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APPBlrlDIZ D 

DBP'IHIi'IOJf OP' CADGORICAL VARIABLES PRIOR m JUIJ) APTER BBIHG CIIAIIGBD 

ORIGINAL VARIABLE 

dwater (xv!13): source of 

drinking water 

l piped into residence 

2 piped into premises 

3 public tap 

4 tube well/abesin pump 

5 protected weIl 

6 unprotected weIl 

7 river/canal/tank 

8 rainwater 

9 other 

nwater (xvl14): source of 

non-drinking water 

1 piped into residence 

2 piped into premises 

3 public tap 

4 tube well/abesin pump 

5 protected weIl 

6 unprotected weIl 

7 river/canal/tank 

8 rainwater 

9 other 

o 

1 

o 

1 

X-7 

C~GED VARIABLE 

DWATER2 

(protected): piped into 

residence 

piped into premisee 

public tap 

tube well/abesin pump 

protected well 

(unprotected) : 

unprotected weIl 

river/canal/tank 

rainwater 

other 

NWATER2 

(protected): piped into 

residence 

piped into premisee 

public tap 

tube well/abeein pump 

protected well 

(unprotected) : 

unprotected weIl 

river/canal/tank 

rainwater 

other 



1. floor (xv127) : main floor material FLOOR2 

1 terrazo floor tiles 0 (temporary) wood 

2 cement dung/mud 

3 wood sand 

4 dung/mud other 

5 sand 1 (p,"'rmanent ) terrazo 

6 other floor tiles 

cement 

toilet (xvl16) : type of toilet facility TOIL 

0 no facilities 0 ( inadequate ) no 

1 flush facilities 

2 water seal pit 

3 pit bucket 

4 bucket other 

5 other 1 (adequate) : flush 

water seal 
....... 

......... 
diar (xhll) : whether the child had DIAR2 

diarrhea in the last 24 hours 1 (yes) last 24 

or within the last two weeks hours 

0 no last 2-14 days 

1 last 24 hours 0 (no) : no diarrhea 

3 last 2-14 days don't know 

8 don't know 

X-8 
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( fwork (xv704) : partner's most FOCCUP 

recent occupation a (non-professional) : 

1 farming farming 

2 f iShing/hunting fishing/hunting 

3 estate worker estate worker 

4 unskill self employed unskill self employed 

5 unskilled employee unskilled employee 

6 skilled self employed skilled self employed 

7 skilled employee skilled employee 

8 petty trader petty trader 

9 cottage industry cottage industry 

la domestic worker domestic worker 

11 teacher primary/aecondary other 

12 teacher university/other retired 

13 health worker don't know 

14 technical-profession l (professional) : 

24 ether teacher: 

( 25 retired primary/secondary 

98 don't know university/other 

health worker 

technical-profession 

( 
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APPBllDII B 

DBrlIfI~IOH OF COJr.rlIlUOUS VARIABLES PRIOR '1'0 AND AP"l'BR BBING CBAIIGBD 

ORIGINAL VARIABLE 

children (xv137) : number of 

children in household, 

aged 5 and under 

border (xbord) : birth order 

number of this child 

o 
1 

1 

CHANGED VARIABLE 

KIDS 

1 other or no other child 

2 or more other 

children 

BIRTHNO 

first born 

2 second born 

3 third born 

4 three or more older 

sibling9 

X-lO 
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APPDDZl[ '1' 

DBrINInON or POOD VARIABLZS PRIOR !rO JUIl) APTER BEING CBAIIGBD 

STEP 1: 

To have a better understanding of how the age of introduction of 

certain foods may affect the differences in anthropometric data between 

breast fed and weaned children, data was transformed so that comparisons 

would have more bi010gical meaning. The following food variables were 

changed from the age at which each food was first introduced to the 

number of months the food had been available to the child. This was 

done by subtracting the age at which the food was first introduced from 

the current age of the child. An example to illustrate the necessity of 

this transformation is the significance of a solid in growth between a 

child who ia 14 months of age and was introduced to solids at 13 months 

vs a child who is 36 months of age and was also introduced to solids at 

13 months. The duration of exposure would therefore be the important 

factor in assessing the effect of these food variables on growth. 

There was no information in this data set on whether these fooda 

were offered during the whole time after they were first introduced and 

whether they were actually consumed. 

ORIGINAL VARIABLE 

milkcr (xs41Sa) : age given powdered 

milk-half cream 

cream (xs41Sb) : age given powdered 

milk-full cream 

cowmilk (xa41Sc) age given cow milk 

cungee (xs415d) : age given cungee 

eggs (xs41Se) age given eggs 

X-ll 

CHANGED VARIABLE 

nmilkcr 

ncream 

ncowmilk 

ncungee 

neggs 



potato (xs41Sf) age given potatoes 

fruit (xs41Sg) age given fruit 

milklk : age first given milk-

1/2, 1/2, cow 

solid1k : age first given solids­

cungee, eggs, potatoes, fruits 

food (xs416) : age started food 

on a daily basis 

STEP 2: 

npotato 

nfruit 

nmilklk 

nso1idlk 

nfood 

Pearson correlations showed a large association between the solid 

foods and between the different types of mi1ks (see Table ). 

Therefore new variables were created from the information contained in 

the existing ones. The variable 'SOLIO' was formed by taking the 

greatest duration of months a child had been exposed to either cungee, 

eggB, potato, or fruit (see Figure A.l):Step 2-Forming the Variable 

SOLIO) • For example if a child had been exposed to cungee longer than 

potatoes, eggd or fruits then that child had a value for solid that was 

equal to the value for the variable ncungee. The variable 'MILK' was 

formed in a similar manner by taking the greatest duration of months a 

child had been exposed to any of the following: powdered mi1k, full or 

half cream, or cow's milk (see Figure A.2): Step 2-Forming the Variable 

MILK) • 

X·12 
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FigureA\ : Step 2-Forming the variable SOLIO 

nc~ngee > ... neggs F 
... .. .. 

ncungee > npotato neggs > npotato 

~ 
t;; 

ncungee > nfruit 

y,\ 
ncungee nfruit 
=solid =solid 

i 
neggs > nfruit npotato > nfruit 

npatata > nfruit 

neggs nfruit 
=solid =solid 

F 

npotato nfruit npotato 
=solid 

nfruit 
=solid =solid =salid 

T=true 
F=false 

., .... , ........... ~~ 
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Figure AG..: Step 2-Forming the variable MILK 

nmilkcr > ncream 

nmilkcr > ncowmilk ncream > ncowmilk 

~ ... • 

nmilkcr 
=milk 

T=true 
F=false 

ncowmilk 
=milk 

ncream 
=milk 

ncowmilk 
=milk 

--
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APPDDIJ: B 

ORTHOGONAL CONTRASTS FOR 'rIIB III'rBRACTION BB'l'WIlBlf ctJRItBR'.r BRBAST REDING 

AJrII) BDUCATIOII LBVBL 011' TBB IIO'l'DR - RBDUCBD MODEL 

Table A.3: Adjusted Least Square Means for the Association Between 

Current Breast Feeding Status and Education Level of the Mother 

no educ pr imary secondary hi her 

bf=no -1. 700 -1.893 

bf=yes -2.107 -1.726 

a. orthogonal Contrast One 

no educ sorne educ 

bf=no -1. 700 -l.77S 

bf=yes -2.107 -1.725 

simple effect 0.401 -0.050 

95 , CI (0.011, 0.803) (-0.185, 0.085) 

Interact10n: 0.457 (0.041, 0.873) 

-1.828 

-1.696 

simple 

effect 

0.075 

-0.382 

-1.604 

-1.753 

95 , CI 

(-0.292,0.442) 

(-0.617,-0.148) 

This first contrast ie significant because the 95 , CI does not 

cross zero. This indicates that breast feeding has a different effect 

depending on whether or not the mother has education. 

X-17 



b. Orthogonal Contrast Two 

primary educ secondary + 

higher educ 

I--bf=no -1.893 -1. 716 

bf=yes -1.726 -1.725 

simple effect -0.167 0.009 

95 % CI (-0.394, 0.060) (-0.167, 0.185) 

Interaction: -0.176 (-0.454, 0.102) 

simple 

effect 

-0.177 

-0.001 

95 , CI 

(-0.414,0.060) 

(-0.197,0.195) 

This contrast is not significant. The four cells are not very 

diff 'ent. 

c. Orthogonal Contrast Three 

secondary higher educ 

educ 

bf=no -1.828 -1.604 

bf=yes -1.696 -1.753 

simple effect -0.132 0.149 

95 % CI (-0.332, 0.068) (-0.108, 0.406) 

Interaction: -0.281 (-0.600, 0.039) 

simple 

effect 

-0.224 

0.057 

95 % CI 

(-0.475,0.027) 

(-0.159,0.273) 

This contrast is also not significant. Again the four cella are 

not very different from each other. 
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RESUL2.'S OF AlfALYSIS OF VARIANCB, FULL AIfD UDUCBD BgUA2.'IOltfS 

Table A4: Coefficients From Full and Reduced Analysis of Variance 
Equations for Testing the Association Between Current Breast Feeding 
Status and Height-for-Age Z-Scores of Children 13-36 MOüths of Age in 
Sri Lankaa 

Variable 

Constant 
Non breast feeders vs breast feeders 
Mother's education 

none vs higher 
- primary vs higher 
- secondary vs higher 

No education x no breast feeding 
primary education x no breast feeding 
Secondary education x no breast feeding 
Electricity vs no electricity 
Age of child (monthe) 
Sector 

- urban vs estates 
- rural vs estates 

Gender female vs male 
Unprot vs prot non drinking water 
perceived wealthy vs not wealthy 
permanent vs temporary floor 
Blrth order 

- 1st barn vs 4th or higher 
- 2nd barn vs 4th or higher 
- 3rd barn vs 4th or higher 

Father professional vs non professional 
2+ other kids in home vs less than two 
Television vs no television in home 
Radio vs no radio in home 
Mother working vs not working to earn money 
unprotected vs protected drinking water 
Adequate vs inadequate toi let facility 
Working mother x no breast feeding 
perceived wealthy x no breast feeding 
Permanent floor x no breast feeding 
Unprot non drinking water x no breast feeding 
Electricity x no breast feeding 
Radio x breast feeding 

Full 
Coef 
-1.5 
-0.:1. 

-0.1 
-0.0 
+0.0 

0.2 
-0.1 
-0.1 
0.2 

-0.0 

0.3 
0.2 

-0.1 
-0.2 
0.2 
0.2 

0.1 
0.1 

-0.1 
0.4 

-0.1 
0.1 

+0.0 
+0.0 
+0.0 
-0.1 
-0.1 
0.1 

-0.1 
-0.1 

0.1 
-0.01 

Reduced 
Coef 
-1.5 
0.0 

-0.1 
0.0 
0.0 
0.2 

-0.1 
-0.1 

0.2 
0.0 

0.3 
0.2 

-0.1 
-0.2 
0.1 
0.2 

0.1 
0.1 

-0.1 
0.4 

-0.1 

a-SYSTAT codes a categorical variable with two levels as 1 and -1 
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Table AS: Coefficients From Full and Reduced Ana1ysie of Variance 
Equations for Testing the Association Between the Number of Months of 
Breast Feeding and Height for Age Z-Scores of Children 13-36 Monthe of 
Age in Sri Lankaa 

Variable 

Constant 
Months of breast feeding 
Mother's education 

- none vs higher 
- primary vs higher 
- secondary vs higher 

No education x months of breast feeding 
Primary educ x months of breast feeding 
secondary educ x months of breast feeding 
Mother working vs not working to earn money 
Mother working x months of breast feeding 
Age of child (monthe) 
Sector 

- urban vs estates 
- rural vs estates 

Gender female vs male 
unprot vs prot non drinking water 
Birth order 

- lst born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

Father professional vs non professional 
Electricity vs no electricity in home 
perceived wealthy Vp not wealthy 
Permanent f100r vs temporary 
2+ other kids in home vs Iess than two 
Television vs no television in home 
Radio vs no radio in home 
unprotected vs protected drinking water 
Adequate vs inadequate toilet facility 
perceived wealthy x mos breast feeding 
Permément floer x mes breast feeding 
Unprot nondrinking water x mos breast feeding 
Electricity x mos breast feeding 
Radio x breast feeding 
a-SYSTAT codes a categorical variable with two 

X-20 

T Full 
Coef 
-0.9 
-0.0 

-0.1 
-0.2 
+0.0 
-0.0 
+0.0 
0.0 

-0.2 
+0.0 
-0.0 

0.3 
0.2 

-0.1 
-0.3 

0.2 
0.1 

-0.1 
0.4 
0.1 

-0.1 
0.1 

-0.1 
0.1 

+0.0 
+0.0 
-0.0 
+0.0 
+0.0 
+0.0 
+0.0 
-0.0 

levels as 1 

Reduced 
Coef 

-1.1 
0.0 

-0.2** 
-0.2 
0.1 

-O. DIU 
0.01 
0.0 

-0.2 
0.01* 

-0.02** 

0.4** 
0.2 

-0.1* 
-0.2** 

0.2 U 

0.05 
-0.1 

0.5** 

and -1 
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Table A6: Coefficients From Full and Reduced Analysis of Variance 
Equations for Testing the Association Between Current Breast Feeding 
Status and Weight-for-Age Z-Scores of Children 13-36 Monthe of Age in 
Sri Lankaa 

variable 

Constant 
Non breast feeders vs breast feeders 
Sector: 

- urban vs estates 
- rural vs estates 

Urban sector x non breast feeders 
Rural sector x non breast feeders 
Age of child (months) 
Unprotected vs protected non drinking water 
Perceived wealthyC 
Permanent vs temporary floor 
Birth order: 

- let born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

Father professional vs non professional 
Television vs no televieion in hou se 
Education level of mother: 

- none vs higher 
- primary vs higher 
- secondary vs higher 

Electricity vs no ~lectricity in home 
Gender: female vs male 
2+ other kids in home vs less than two 
Radio vs no radio in home 
Mother working vs not working to earn money 
Unprot vs prot drinking water 
Adequate vs inadequate toilet facility 
Age of child x no breast feeding 
Perceived wealthy x no breast feeding 
Permanent floor x no breast feeding 
Electricity x no breast feeding 
Unprot non drinking water x no breast feeding 

Full 
Coef 

-2.2 
-0.1 

0.2 
0.1 

-0.1 
0.1 

-0.0 
-0.1 

0.2 
0.2 

0.1 
0.1 

-0.1 
0.2 
0.3 

-0.1 
0.1 

+0.0 
0.1 

-0.0 
+0.0 
+0.0 
0.1 

+0.0 
-0.1 
-0.0 

0.1 
-0.0 

0.1 
-0.0 

Reduced 
Coef 

-2.2 
0.03 

0.2 
0.1 

-0.1 
0.1 

-0.01 
-0.1 

0.2 
0.2 

0.1 
0.1 

-0.1 
0.2 
0.3 

a-SYSTAT codes a categorieal variable with two levels as 1 and -1 

X-21 



l 

.­.. 

Table A7: Coefficients From Full and Reduced Analysie of Variance 
Equations for Testing the Association Between the Humber of Months of 
Breast Feeding and Weight-for-Age Z-Scores of Children 13-36 Months of 
Age in Sri Lankaa 

Variable 

Constant 
Months of breast feeding 
Unprotected vs protected non drinking water 
Unprot non drinking water x mos breast feeding 
Sector: 

- urban vs astates 
- rural vs estates 

Urban sector x mos breast feeding 
Rural sector x mos breast feeding 
Education level of mother: 

- none vs higher than secondary 
- primary vs higher than secondary 
- secondary vs higher than secondary 

Age of child (months) 
Perceived wealthyd 
Birth order: 

- lst born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

Television vs no television in house 
Father a professional vs non professional 
Permanent vs temporary floor 
Electricity vs no electricity in home 
Gender: female vs male 
2+ other kids in home vs less than two 
Radio vs no radio in home 
Mother working vs not working to earn money 
Unprot vs prot drinking water 
Adequate vs inadequate toilet facility 
Age of child x no breast feeding 
perceived wealthy x no breast feeding 
Permanent floor x no breast feeding 
Electricitv x no breast feeding 

Full 
Coef 
-2.1 
-0.0 
-0.4 
+0.0 

0.1 
0.3 

+0.0 
-0.0 

-0.1 
0.1 
0.0 

-0.0 
0.2 

0.1 
0.1 

-0.1 
0.3 
0.2 
0.2 
0.1 

-0.1 
+0.0 
+0.0 

0.1 
+0.0 
-0.1 

0.0 
-0.0 

0.0 
0.0 

a-SYSTAT codes a categorical variable with two levels as 1 

X-22 

Reduced 
Coef 
-2.2 
0.0 

-0.4 
0.02 

0.1 
0.3 
0.01 

-0.01 

-0.2 
0.04 
0.03 

-0.01 
0.2 

0.2 
0.1 

-0.1 
0.4 
0.2 
0.2 

and -1 
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Table A8: Coefficients From Full and Reduced Analysis of Variance 
Equations for Testing the Association Between Current Breast Feeding 
Status and Weight-for-Heiqht Z-Scores of Children 13-36 Months of Age in 
Sri Lankaa 

Variable 

constant 
Not breast feeders vs breast feeders 
Father a professional vs non professional 
Father a professional x not breast feedinq 
Age of child (months) 
perceived wealthy vs not wealthy 
Permanent vs temporary floor 
Birth order 

- 1st born vs 4th or higher 
- 2nd born vs 4th or higher 
- 3rd born vs 4th or higher 

2+ other kids in home vs less than two 
Television vs no television 
Mother working vs not working 
Education level of the mother 

- none vs hiqher 
- primary vs higher 
- secondary vs higher 

Electricity vs no electricity in home 
Area of residence 

- urban vs estates 
- rural vs estates 

!'ull 
Coef 

-1.8 
+0.0 
-0.0 
-0.2 
+0.0 
0.2 
0.1 

0.1 
0.1 

-0.1 
0.1 
0.3 
0.2 

+0.0 
0.1 

-0.0 
+0.0 

0.1 
-0.0 

Urban sector x not breast feedinq -O. 0 
Rural sector x not breast feedinq 0.1 
Adequate vs inadequate toilet facility -0.0 
Prot vs unprot drinking water 0.0 
Gender:female vs male +0.0 
Prot vs unprot non drinking water -0.0 
Radio vs no radio in home +0.0 

Reduced 
Coef 

-1.8 
0.04 

-0.1 
-0.1 

0.01 
0.1 
0.1 
0.1 

0.1 
-0.1 

0.1 
0.3 
0.2 

a-SYSTAT codes a categorical variable with two levels as 1 and -1 

X-23 
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Table A9: Coefficients From Full and Reduced Analysis of Variance 
Equations for Testing the Association Between Number of Months of Breast 
Feeding and Weight-for-Height Z-Scores of Children 13-36 Montns of Age 
in Sri Lankaa 

Variable 

Constant 
Months of breast feeding 
Sector: 

- urban vs estates 
- rural vs estates 

Urban sect or x months of breast feeding 
Rural sector x months of breast feeding 
Age of child (months) 
Perceived wealthy 
Permanent vs temporary floor 
Birth order: 

- lst born vs 4th or higher 
- 2nd born va 4th or higher 
- 3rd born vs 4th or higher 

Television vs no television in house 
Mother working vs not working to earn money 
Father a professional vs non professional 
Father a professional x mos breast feeding 
2+ other kids in home vs less than two 
Education level of the mother 

Full 
Coef 
-1.9 
+0.0 

-0.1 
0.2 

+0.0 
-0.0 
+0.0 
0.2 
0.2 

0.1 
0.1 

-0.1 
0.3 
0.2 

-0.0 
-0.0 
0.1 

- none vs higher +0.0 
- primary vs higher 0.1 
- secondary vs higher -0.0 

Electricity vs no electricity in home +0.0 
Adequate vs inadequate toilet facility -0.1 
Prot vs unprot drinking water +0.0 
Gender:female vs male +0.0 
Prot vs unprot non drinking water -0.0 
Radio vs no radio in home +0.0 

Reduced 
Coef 
-1.8 
0.00 

-0.1 
0.2 
0.01 

-0.01 
0.01 
0.1 
0.1 

0.04 
0.1 

-0.1 
0.2 
0.1 

a-SYSTAT codes a categorical variable with two levels as 1 and -1 

X-24 




