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ABSTRACT 

The effect of households' strategies on preschool 

children's intakes of vitamin A were examined in a rural 

Guatemalan village. The children's caretakers were 

interviewed regarding acquisition, preparation, storage and 

consumption of vitamin A sources on four separate occasions, 

while children's intakes were measured by a seven-day food 

frequency questionnaire. The median daily intake of vitamin 

A was 128 mg, and on average B-carotene constituted 45.5% of 

daily intake. Socioeconomic variables did not predict 

vitamin A intakes; only horse ownership was associated (r = 

.30, p < .05) with B-carotene, but not total vitamin A 

intake. Purchased and cultivated sources were significant 

predictors of intakes. Of all the variables, household 

consumption of vitamin A was the prevailing predictor. 

However, household consumption was associated in a threshold 

fashion with children's intakes; it was a significant 

predictor of intakes only when household consumption was > 11 

food items measured over four days. 
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The purpose of this study is to examine how food chain 

patterns influence rural Guatemalan children's consumption of. 

vitamin A sources. The collection of data in Guatemala was 

made possible by the auspices of the Center of Studies for 

Sensory Impairment, Aging and Metabolism (CeSSlAM), which is 

the research branch for the National Committee for the Blind 

and Deaf. 

The concept of a food chain system can be used to trace 

any nutrient through any level, such as household, 

industrial, national or global, of the chain. Because 

vitamin A is concentrated in a small number of sources, the 

food chain concept can easily be applied to this nutrient and 

examined. Public concern over children's vitamin A status 

has largely risen because of recent evidence of its effect on 

child survival. 

In this study, the specific food chain activities were 

examined at the household level and included the acquisition 

of the vitamin A sources, its processing, its preparation, 

its storage and its utilization by the body, as well as 

particular food customs and preferences of the children1s 

mothers regarding vitamin A sources. 
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The hypothesis for this study is that particular actions 

taken by household members during each step in the food chain 

would reduce 1) the amount of vitamin A consumed by the 

children, or 2) the amount of vitamin A available in the 

children's diets. Associations between the children's 

vitamin A consumption and socioeconomic variables concerning 

the household, as well as anthropometric measurements and 

worm burdens of the children, were determined. The extent to 

which the various food chain patterns of the households and 

the socioeconomic variables could predict the children's 

consumption of vitamin A was also examined. The second part 

of the major hypothesis could not be quantified in this 

study, but the potential for loss of vitamin A activity was 

explored. 
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REVIEW OF LITERATURE 

Food Chain Description 

Dietary intake can be restricted by losses that -occur 

between the production and consumption of vitamin A sources. 

This chain of events has been called "foodways" by Bass et 

al. (1979) and "food habits" by Burgess and Dean (1962) ; both 

refer to a population's activities to obtain nourishment. 

Each population adapts these activities to its environment; 

thus many activities are similar across cultures but others 

are more often culture specific. 

The food chain begins with the acquisition of a food 

item. The acquisition of food is the determining step in 

this chain; if methods of acquisition are not present the 

chain within the household does not proceed. After acquiring 

a food item, it "travels" through a sequence of events which 

vary from situation to situation. These include storage, 

primary processing, transportation, food processing, 

marketing and utilization (Forrest et al., 1982; Hurtado, 

1984). The sequence of events is illustrated in Figure 1.1. 

Even under the best of circumstances losses occur in this 

chain. 



ACQUISITION 

PROCESSING 

STORAGE 

CONSUMPTION 

Figure 1.1 Sequence of Food Chain Events 



16 

Acquisition 

The chain begins when the food enters the household 

through purchasing, exchanging, bartering, receiving as a 

gift, producing within the household, or gathering of wild 

foods. Many social, ecological and economic factors 

determine a family's ability to acquire food through one 

pathway or another (DeWalt, 1983). When an available 

acquisition method is not exploited by a population for 

whatever reason, this could be considered a loss of food in 

the chain. For example, in the urban Amazon, 75% of the poor 

families did not meet 70% of their recommended daily 

allowances for vitamin A, however, several available and 

inexpensive sources were underexploited (Amorozo and 

Shrimpton, 1984). The gathering of wild greens is an example 

of a method which may not be completely utilized. Studies 

conducted in the Mexican valley of Mesquititlan showed that 

when 2% of the dietary calories came from wild greens which 

were gathered, vitamin A and C deficiencies were not 

prevalent. Several years later studies from the same area 

showed the consumption of wild greens had decreased and the 

prevalence of vitamin A and C deficiencies had increased 

(DeWalt, 1983). 

Household gardens can also be a significant influence on 

vitamin A status. In Bangladesh children living in 

households with no gardens, had a three times greater 
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relative risk of having active corneal lesions than children 

who were living in households with gardens (Cohen et al., 

1985). The impact of a home garden project on preschoolers' 

intakes of energy and nutrients was investigated by Immink 

and Sanjur (1981) in Puerto Rico. They found during the 

harvest season households that cultivated at least seven 

different foods also had a significantly higher level of per 

capita food expenditures than all the other households. 

Households that cultivated from one to six different foods 

spent the same amount on food as households that did not 

cultivate any foods. They concluded that the availability of 

self-grown foods did not reduce food expenditures. They also 

derived least squares means of intakes of nutrients, 

including vitamin A, by using a regression equation that 

employed per capita food expenditures and the number of 

different foods cultivated as independent variables. 

Households which cultivated any number of fruits contained 

preschoolers whose intakes of vitamin A were significantly 

higher than those preschoolers in households that did not 

cultivate any fruits. Households which also produced 

vegetables and starchy vegetables, especially those which 

produced more than four different types of starchy 

vegetables, also had preschoolers with significantly higher 

intakes of vitamin A. 
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In the Philippines, Solon et al. (1978) found that most 

of the vitamin A consumed by children came from food 

purchases. The authors found that increases in families' 

food expenditures were associated with higher intakes of 

vitamin A by the children. A 1% increase in a family's food 

expenditure resulted in an increase of 95 IU of vitamin A 

consumption in the children in the urban scpaatter areas and 

in the urban barrios over 500 IU would be added to the 

child's diet. However, in the rural areas, differences in 

the families' incomes had very little effect on their 

children's vitamin A intakes. Some of the vitamin A sources 

did come from home gardens but by using a multivariate 

analysis, the authors found that in two areas they studied 

those families which had a larger garden were actually 

associated with lower vitamin A intake. The authors also 

examined the effects of changes in the size of home gardens 

among 626 families. In the barrios, increases in the value 

of the family's home garden production were associated with 

slight declines in each child's consumption. The authors 

attributed this to the families selling greater amounts of 

their produce as their gardens increased. However, in the 

areas that had the children with the highest intake of 

vitamin A, the hinterland barrios, a 1% increase in the value 

of their home gardens was associated with a 192 IU increase 

in each child's intake. 
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Storage 

Storage of a food item ranges from simply piling the 

item on the ground, to storing items in large grain elevators 

or walk in freezers. Storage capabilities greatly affect the 

availability of many foods including vitamin A sources; food 

availability determines, to a large extent, food consumption. 

In Colombia more than 1.1 million tons of food worth mors 

than $233 million are estimated to be lost every year 

(Bourne, 1984) . During storage, conditions such as warm 

temperatures, high humidity, poor sanitation and long periods 

of storage promote food losses. Table 1.1 shows the losses 

estimated in Colombia for various foods which are vitamin A 

sources. 

Table 1.1 Postharvest Losses of Vitamin A Sources in 
Colombia* 

Loss 

Product Percentage of Weight Value 
Total Product (1,000 tons) (US$1,000) 

Bananas 15.0 120 12,000 

Carrots 19.8 30 6,100 

Plantains 9.2 206 29,900 

Tomatoes 25.7 63 21,300 

From Bourne, 1984. 
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Indirectly storage problems can result in a loss of 

income or "lumpiness" of income because farmers have to sell 

most of their crops immediately after harvesting them in 

order to avoid spoilage of the crop (DeWalt, 1987). A loss 

in income results in a loss of purchasing power and 

consequently a potential loss in food availability. 

Primary Processing 

Primary processing involves converting a raw material 

into a product suitable for either consumption, further 

processing or storage. Preservation techniques can greatly 

increase the year-round availability of vitamin A sources. 

During the dry season in some countries fresh fruits and 

vegetables are extremely scarce; however, when these fruits 

and vegetables are in season they are abundant. For example, 

during the rainy season in Senegal, mangoes are plentiful but 

very perishable. Because they are so perishable and because 

Senegal has no export market for them, many of the mangoes 

either rot or are sold at prices below market value. Women 

vendors in the Casamance region of Senegal estimate mango 

waste as almost half the harvest while other vendors estimate 

that the amount that rots exceeds the amount eaten (Rankins, 

1986). 



21 

Specific examples of primary processing include the 

preservation of foods, such as 1) the drying of greens and 

mangoes, 2) the freezing of greens, and 3) the canning of 

carrots, and the conversion of food material into a more 

useful product, such as the Brazilian method of producing 

flour from cassava root (Shrimpton, 1989). Drying involves 

reducing the moisture content of a food product and has been 

used since ancient times as a preservation technique. 

Pepping et al. (1989) reported that in the Nzega District of 

Tanzania greens were usually first dried in the sun, cooked, 

then pounded and dried a second time. The length of time 

used to dry the greens the first time varied among the 

households from two hours to one and a half days while the 

second drying time lasted one to two days. Solar drying 

reduces the carotene content of vegetables because sunlight 

destroys carotenes by oxidation (Maeda and Salunke, 1981). 

Water has been shown to have a protective effect on carotene 

stability through its interaction with free radicals (Karel, 

1980). The oxidation process involves a free-radical 

reaction. In addition to the oxidation of carotenes, heating 

trans-isomers of B-carotene produces stereoisomer with lower 

provitamin A activity (Chandler and Schwartz, 1988; Bushway 

et al., 1985? Ogunlesi and Lee, 1979). Table 1.2 shows the 

rela'tive provitamin A activity of various carotene isomers to 

all trans-B-carotene (van de Pol et al., 1988). 
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Table 1.2 Biological Activity of Some Carotene Isomers* 

Name Biological Activity (%) 

All-/ra/w-6-carotene 100 

Neo-B-carotene U (15-ois) 38 

Neo-B-carotene B (9-cis) 53 

Al 1 -trans-a-carotene 53 

Neo-a-carotene U (15-cis) 13 

Neo-a-carotene B (9-cis) 16 

From van der Pol et al., 1988. 

Cassava roots contain large amounts of cyanide and, 

therefore, cannot be eaten raw. During the Amerindian method 

of cassava flour production, the product is fermented which 

helps keep the carotene in the flour and more stable during 

the wet phase of processing. However, two-thirds of the 

carotene is still lost during the processing of the flour 

(Marinho and Arkcoll, 1981). 

Transportation 

Access to transportation can increase the availability 

of food items. Areas which are not suitable for production 

can obtain food items via transportation. Losses, however, 

can occur during the delivery of produce due to improper 

handling. 
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Transportation also facilitates the delivery of inputs 

for example, seed, fertilizers and tools needed to produce a 

food item. Inadequate transportation can result in a loss of 

income by preventing a household from acquiring necessary 

inputs or from marketing their crops or food items. 

Markets 

Markets are areas of exchange where buyers and sellers 

of food commodities interact. Markets link the production 

and distribution of food commodities and help set food prices 

(Timmer, 1983) . Rural Guatemalans depend on periodic markets 

to buy goods for consumption and to sell agricultural 

commodities (Annis, 1981). Most villagers use a local 

market, which they visit once or twice weekly and a regional 

market which they visit less often. In many areas in 

Guatemala there exists a "solar marketing system" (Annis, 

1981), i.e, a major regional market surrounded by several 

smaller markets with fixed market days. By frequenting these 

satellite markets and buying from vendors, rural Guatemalans 

can supposedly purchase everything their families need. 

A study conducted in the western highlands showed in 

Totonicapan and Solola 57% of the villagers frequented the 

small local markets and 98% visited the regional markets. On 

average, residents visited the local markets twice a week and 

the regional market 1.6 times a week. Annis (1981) reported 
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that these means are misleading because a bimodal 

distribution existed. Villagers who lived near the regional 

market used it exclusively and almost daily; those who lived 

far away from the regional market relied mostly on local 

markets and only visited the regional market regularly once 

or twice a month. 

Processing 

Most food items require some processing since 

individuals do not consume foods in a raw or semi-processed 

state. An example of processing is cooking which involves 

exposing food to heat. This exposure includes several 

methods such as boiling in water, pressure steaming, 

roasting, frying and baking. The literature concerning the 

changes in carotene content from processing, like the 

literature concerning primary processing, is hard to compare 

because the changes in vitamin A values have been determined 

and calculated differently. Some investigators have 

performed studies with chromatography, while others have used 

high performance liquid chromatography (HPLC) . Nevertheless, 

6-carotene levels (Sood and Bhat, 1974; Chandler and 

Schwartz, 1988), vitamin A activity (Nagra and Khan, 1988; 

Mareith et al., 1989) and vitamin A potency (van der Pol et 

al., 1988; Sweeney and Marsh, 1971) have been reported to 

decrease from 3 to 59% in vegetables after processing. 
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Social and Cultural Influences on Consumption 

The next stage in this chain is the individual's 

consumption of food sources of vitamin A. The actual 

consumption of a food item by an individual is based on many 

social and cultural patterns. In Latin America some customs 

which influence individuals' food consumption are based on 

the "hot-cold" theory of disease. Underlying the "hot-cold" 

theory, which is also known as humoral medicine, is the 

belief that health can be lost and gained by the effects of 

"hot" and "cold" qualities on the human body (Logan, 1977). 

These qualities do not refer to actual temperature or taste, 

but rather describe an intrinsic property thought to be found 

in or associated with natural substances, particularly foods, 

as well as with illnesses. 

Two principles dictate the behavior of individuals who 

adhere to humoral medicine. The first is the "avoidance of 

extremes" which pertains to times of health. Health is 

believed to be a state of equilibrium between opposing forces 

of "hot" and "cold". Excessive intake of foods which are 

classified in only one temperature grouping can disrupt this 

balance and produce a state of illness equal to the 

temperature attributed to the implicated foods or beverages. 

A state of illness initiates the observance of the second 

principle, the "use of selective opposites". Individuals 

follow this behavior in order to restore their health 
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quickly. For this principle individuals are restricted to 

eating only foods which are opposite in "temperature" to the 

"temperature" suspected of dominating the body. For 

instance, only "hot" foods would be consumed by an individual 

diagnosed with an illness that is "cold" and individuals with 

an illness diagnosed as "hot" would only consume "cold" foods 

(Logan, 1977). 

The avoidance of foods as prescribed by the concept of 

humoral medicine can greatly restrict the diets of children 

who are already physically stressed by an illness. This 

avoidance of foods can exclude important sources of vitamin 

A from the diets of sick children. Logan (1973) found the 

principles of humoral medicine to be observed by Cakchiquel, 

Tzutuhil Mayans and ladino peasants in Guatemala. He also 

reported these peasants believed that children were 

particularly susceptible to temperature extremes. 

Traditions surrounding the weaning period of children 

greatly influence children's vitamin A status. Tarwotjo et 

al. (1982), in their nationwide survey in Indonesia, found 

breastfeeding to be an important factor in an age-specific 

comparison between normal children and those with Bitot's 

spots. In developing countries, breast milk is the main 

source of vitamin A during the first 6 to 12 months of life. 

Valverde et al. (1981) reported that Indian children living 

on Coffee farms on the Pacific Coast in Western Guatemala 
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were breastfed for a very long time. The children received 

a mean of 121 Kcal from food other than breast milk at 12 to 

18 months, and for children 18 to 24 months a mean of 505 

Kcal. After they are weaned, they received a mean of 893 

Kcal at 36 to 42 months and 1021 Kcals at 48 to 54 months. 

Except for colostrum, breast milk has a vitamin A 

concentration of roughly half the woman's serum concentration 

and the concentration declines with the duration of 

breastfeeding (Tarwotjo, 1982). Differences in hepatic 

reserves of vitamin A in preschool children are more a 

reflection of breastfeeding practices (Tarwotjo et al., 

1982). 

Another obvious factor in determining consumption by 

children is preference and acceptability of a food item. 

Individuals must first find a food acceptable before they 

develop a preference for it. Acceptance is the willingness 

to eat a food while preference refers to an expressed choice 

(Hirsch, 1974) . Acceptance of a food by a culture is a 

complex reaction. Eppright (1947) believed this reaction was 

influenced by several factors, such as 1) biochemical (i.e., 

hunger and appetite), 2) physiological (i.e., taste 

thresholds and taste acuity changes due to age), 3) 

psychological (i.e., memory and association, monotony and 

food aversions, 4) social (i.e., race, economic conditions, 
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geographical location, technological advancements and 

transportation and communication, and 5) educational. 

Food preferences have been investigated to determine if 

they could predict consumption. Einhoven and Pilgrim (1960) 

found a significant correlation between food consumption and 

food preference which was measured on a nine point hedonic 

scale. Kolasa (1974) studied the foodways of mother and 

their adult daughters in eastern Tennessee and found that 

preferences of mother and their adult daughters were similar. 

Body's Utilization 

The last stage in this chain is the body's utilization 

of the ingested vitamin A sources. The body's absorption and 

utilization of carotenoids and retinol are influenced by many 

dietary and morbidity factors. Deficiencies of protein, a-

tocopherol, iron and zinc have been shown to adversely affect 

vitamin A transport storage and utilization (Olson, 1987). 

Also the body's ability to absorb preformed and precursors of 

vitamin A is greatly reduced when consumption of dietary fat 

is less than five grams per day (Olson, 1987). 

In addition, the presence of peroxidized fat and other 

oxidizing agents in food has been shown to impede the body's 

absorption and utilization of dietary vitamin A and its 

precursors (Olson, 1987). Individuals with diseases such as 

diarrhea and sprue have reduced intestinal absorption of 
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vitamin A and carotenoids (Olson, 1987). Also, intestinal 

infections in children have been associated with lower human 

serum levels of vitamin A. 

Panamanian children infected with Aj. lumbricoides had 

significantly lower mean plasma vitamin A than uninfected 

children (Taran et al., 1987). When socioeconomic variables 

and the location of the children were controlled in a 

regression model, the presence of As. lumbricoides was still 

significant. Plasma carotenoid concentrations were also 

significantly lower in the infected children, however, when 

all the socioeconomic and location variables were controlled 

for, there was no significance in carotenoid values between 

infected and uninfected children. Bhattacharyya and 

colleagues (1980) reported lower serum vitamin A in Indian 

children with ascaris infection compared to children without 

ascaris. The same investigator (1982) also reported a 

greater incidence of xerophthalmia in Ascaris-infected 

children in India. Reddy et al. (1986), on the other hand, 

found no association between ascariasis and serum vitamin A 

levels of 487 Indian children. They also found no 

significant difference between the serum retinol levels of 

children who were dewormed and given a large vitamin A 

supplement (200,000 IU) and those who were only given a 

vitamin A supplement. 
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However, plasma values alone only indicate the 

possibility of the body's impairment to utilize vitamin A. 

Some small scale clinical studies have provided evidence that 

infections do cause malabsorption of vitamin A (Sivadumor and 

Reddy, 1975; Mahalanabis et al., 1976; Mansour et al., 1979), 

but the mechanism by which the infection impedes absorption 

is still not understood. 

Behar and colleagues (1960) found that half of 60 

preschoolers had Aj_ lumbricoides and 12% had 2\. trichuria in 

the Guatemalan community of Amatitlan. According to Aguilar 

(1981) in 1980 72.6% of the population in Guatemala had an A. 

lumbricoides infection, 18.6% had a 2\. trichiura infection 

and 2.7% had hookworm. 

Also in Guatemala Gupta and Urrutia (1982) found a 60% 

prevalence of ascariasis and a 21.5% prevalence of giardiasis 

in children between 24 and 61 months old. Their population 

included 159 children living in the rural village of Santa 

Maria Cauque. The children were randomly assigned to four 

groups. The authors found that children who received 

antiascaris treatments twice a month for a year did not show 

improved weight or height growth. However, children who 

received giardiasis treatment gained significantly more 

height and weight compared to the other groups. 
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The Importance of Vitamin A 

The best understood function of vitamin A is it role in 

human vision. A severe deficiency of vitamin A can actually 

cause xerophthalmia, which is blindness, and most often the 

victims of xerophthalmia are preschool children (Olson, 

1987). During the process of vision, retinal, the aldehyde 

form of vitamin A, combines with the protein, opsin, to form 

visual purple or rhodopsin, a photoreceptor pigment located 

in the rod cells of the eye's retina. When light hits the 

retina the rhodopsin is bleached and retinol is released from 

the opsin which triggers a stimulus to the brain from the 

optic nerve. Most of the retinol is converted back to 

retinaldehyde to combine with opsin however, some retinol is 

lost and most be replaced. These rod cells are responsible 

for vision in dim light but when the body has insufficient 

amounts of vitamin A, this mechanism slows down and causes 

night blindness. When body stores become severely depleted 

of vitamin A, xerophthalmia can result from changes in the 

conjunctiva and cornea of the eye. The ocular signs of 

vitamin A deficiency are estimated to afflict five to ten 

million children worldwide and five to ten times that number 

are subclinically deficient (Underwood, 1990; Sommer, 1989). 

Consequences of subclinical vitamin A deficiency are the 

increased risks of morbidity and mortality. A study of child 

survival in Indonesia (Sommer et al., 1983) revealed a linear 
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relationship between the severity of xerophthalmia and 

mortality rate. While a vitamin A intervention trial in 

Indonesia (Sommer et al., 1986) reported a 30% reduction in 

children's mortality and a monosodium glutamate fortification 

trial in the same country (Muhilal et al., 1988) reported a 

45% reduction in mortality. The results from a clinical 

trial in Africa (Barclay et al., 1987) demonstrated a 50% 

reduction in mortality caused by measles in children treated 

with vitamin A. In Indonesia (Sommer et al., 1984) children 

with mild xerophthalmia had a greater incidence of 

respiratory disease and diarrhea. A significantly higher 

rate of respiratory infection, but not of diarrhea was found 

in preschool children with xerophthalmia in India 

(Vijayaraghavan, 1989). This relationship between vitamin A 

deficiency and respiratory disease and diarrhea has also been 

reported to act in the opposite direction. The risk of 

developing mild xerophthalmia was greater for children who 

had respiratory and diarrheal disease (Sommer et al., 1987). 

Mejia and Arroyave (1982) have also suggested that 

vitamin A status influences iron utilization and possibly 

hematopoiesis. In the Indonesian trial (Muhilal, 1988) 

vitamin A supplementation caused children1 s hemoglobin values 

to rise by one gram per deciliter. The two supplementation 

studies (West et al., 1988; Muhilal et al., 1988) have also 

shown that vitamin A improves growth. This effect has been 
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described (Sommer, 1989), though, as secondary to decreased 

morbidity. 

The importance of vitamin A in the human body has not 

fully been discovered, but the known results of vitamin A 

deficiency definitely warrants investigation into the causes 

of hypovitaminosis A. 

Relationship of Children'3 Vitamin a Status 

to Their Vitamin A Intakes 

Assessing vitamin A status has been problematic for 

researchers because only a liver biopsy can accurately 

reflect vitamin A reserves in the body (Underwood, 1984). 

Some of the more common methods of assessment include 1) 

ocular signs, 2) serum levels, 3) rapid dark adaptation test 

(RDAT), 4) relative dose response (RDR) and the modified 

relative dose response (MRDR), and 5) conjunctival impression 

cytology (CIC). 

Ocular signs have established criteria developed by WHO 

(1982), and serum levels also have established criteria 

(Olson, 1984). The RDAT was based on the retinal Purkinje 

shift which occurs during the early phase of the human eye's 

adaptation to the dark. During this time the sensitivity of 

the eye's retina shifts from the red towards the blue end of 

the spectrum. The test involves recording the amount of time 

required by an individual to separate white, blue and red 
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disks in this sequence from a black surface in dim light 

(Solomons et al., 1982). This technique was found to be 

associated with vitamin A intake, but not to serum vitamin A 

levels in children, however, the lowest serum level in the 

study group was 30.7 ng/dl (Solomons et al., 1982). 

RDR is an indirect method of estimating hepatic reserves 

of retinol and is based upon the accumulation of aporetinol 

binding protein in the liver when vitamin A status is 

deficient or marginal (Loerch et al., 1979) . A small dose of 

retinol will stimulate the release of holo-RBP and produce an 

increase in serum retinol levels in deficient and fasting 

individuals. The RDR measures the rise in serum retinol 

levels five hours after an individual consumes a small amount 

of retinyl palmitate. A change in retinol value greater than 

20% has been correlated with liver concentrations of retinol 

less than .07 fimol/g among hospital patients (Amedee-Manesme 

et al., 1984). For the MRDR, only one blood sample is drawn 

four to eight hours after 3,4-dehydroretinol is administered 

orally to the subject. Vitamin Aj, or 3,4-dehydroretinol, is 

found in the liver of fresh water fish and is not converted 

by the human body in appreciable amounts to retinol (A,), 

therefore, it does not affect initial plasma retinol. HPLC 

is then used to separate A1 from Aj and the molar ratio is 

inversely related to vitamin A status (Olson, 1989). 
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CIC detects abnormal histological changes of the 

conjunctiva, characterized by loss of goblet cells, and a 

reduced number and a distortion of epithelial cells, during 

vitamin A deficiency. Filter paper is used by the 

investigator to touch the subject's bulbar conjunctiva and 

then the specimen on the filter paper is stained and mounted 

on slides (Kjolhede et al., 1989; Amedee-Manesme, 1989). 

There is no published literature comparing the latter three 

methods, RDR, MRDR and CIC, to dietary intake of vitamin A. 

Of the numerous factors contributing to vitamin A 

deficiency, insufficient dietary intake is generally 

considered the most influential, however, few studies have 

reported consistent differences in dietary habits between 

xerophthalmic and normal children (Tarwotjo et al., 1982). 

Tandon et al. (1975) noted that, while diets deficient in 

vitamin A are always found with xerophthmalic patients, all 

individuals with diets deficient in vitamin A do not exhibit 

xerophthmalia. They attribute this to the fact that the 

ocular symptoms are a result of inadequate vitamin A stores 

in the liver and not to the individuals* dietary intakes at 

the time of study. 

Roels et al. (1958) reported the results of a large 

scale survey in which 30,589 people in Ruanda-Urundi were 

screened by an ophthalmologist for Bitot's spots. Blood 

samples were obtained from those who presented Bitot's spots 
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and a number of healthy individuals. Dietary data were 

collected from all those from whom blood samples were taken. 

The method used to collect the dietary information was not 

stated, except it was noted that special attention was paid 

to the previous day since according to the authors, 

individuals' diets on the previous day could affect their 

serum levels of B-carotene and retinol. They only mentioned 

results from the dietary data once, that there was one 

discrepancy between the sexes in dietary patterns. Males 

tended to have a higher consumption of beer. They found no 

seasonal variation in the incidence of eye symptoms of 

vitamin A deficiency but did find that serum carotene levels 

were significantly higher in the rainy season than in the dry 

season for boys with Bitot's spots. They also found serum 

vitamin A levels to be significantly higher in adults than 

those of children. Adult men were classified as 17 years and 

older and adult women were classified as 16 years and older. 

No Bitot's spots were found in babies before the weaning 

stage, however the age of weaning was not mentioned. They 

found a 14.6/1000 incidence of Bitot's spots in males and a 

3.2/1000 in females. However, they found no differences 

between the sexes in serum vitamin A and carotene levels. 

For all groups though mean serum levels were found to be low. 
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Blankhart (1967) reported the incidence of night 

blindness during a three year period and the relationship of 

night blindness to children's food intakes in a study 

conducted in an urban area in western Java. Nutrition 

students weighed separately 156 children's food intakes for 

four consecutive days. The children included those eight 

years old and younger and were from 64 households. Breast 

milk intake was measured by weighing the infant before and 

after suckling. Evidence of night blindness in the children 

was based on their mothers' statements and the children 

identified by their mothers were then clinically examined. 

Except for one case night blindness occurred only in children 

from two to five years old. Night blindness was reported in 

17 households, two households had two children with night 

blindness. Seven children had two episodes and one child had 

three episodes, one each year. The author also noted that 

cases were often concurrent with other diseases, such as 

tuberculosis, hepatitis, otitis, amoebic dysentery and 

diarrhea. The dietary data were presented for the two to 

five year old group because this was the only group with 

night blindness. The main sources of carotene for this group 

were dark leafy vegetables such as amaranth leaves. The 

subjects were stratified into three groups, healthy, 

malnourished with night blindness and malnourished without 

night blindness. The average daily vitamin A intake of 
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healthy children was 1624 IU while the average for those with 

night blindness and malnourished was 973 IU and 884 IU for 

malnourished children. The statistical significance of these 

results was not reported. The authors found relatively 

little difference among the calorie and protein intake of the 

three groups. The per capita intake of the households 

indicated, according to the authors, a fair consumption among 

the households of carotene; thus they concluded the 

children's low intakes were not from a lack in availability 

of food at the household level but rather to an unequal 

distribution of food within the household. 

In northern India, Tandon et al. (1975) examined the 

relationship of age, sex, dietary habits and protein-calorie 

nutritional status to vitamin A status as measured by 

clinical examination. Those greater than five years of age, 

including adults, had a higher prevalence of all the ocular 

signs of vitamin A deficiency than did the preschoolers. 

They also found no correlation between anthropometric 

measurements of children up to 60 months of age and the 

prevalence of Bitot's spots and night blindness. Also no 

gender difference was noted in the clinical signs of vitamin 

A deficiency or dietary history. By using a 24 hour recall, 

the authors found that patients with night blindness consumed 

significantly less vitamin A than matched controls in the 3 

to 6 and 7 to 10 years old age groups. 
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In four ecological zones in Cebu in the Philippines, a 

total of 1,715 children between one to sixteen years old were 

screened for xerophthalmia (Solon et al., 1978). Clinical, 

biochemical and anthropometric measurements were collected 

from the children while dietary and socioeconomic data 

concerning their respective households were also obtained. 

Fifty-seven percent of the children had serum vitamin A 

values less than 20 M9/dl and 4.5% had either Bitot's spots, 

corneal xerosis, keratomalacia, night blindness, or corneal 

scars while 2% had both low serum values and clinical signs. 

Except in the urban areas, males had a greater prevalence of 

xerophthalmia, which was defined as a combination of both low 

serum levels of vitamin A and ocular symptoms. The lowest 

prevalence of xerophthalmia was found in the one to three 

year old group and the highest in the four to six year old 

group. A 24 hour recall method was used to collect the 

dietary data and for their study only 130 children's diets 

were analyzed,. By using a multivariate analysis the authors 

found a large inverse relationship between vitamin A intake 

and symptoms of xerophthalmia. Ninety-one percent of the 

vitamin A in the children's diets came from carotene sources. 

They found a large variation in vitamin A intake between sex 

and age groups. Females consumed significantly more vitamin 

A than males especially when compared to their RDA and 

younger children tended to consume more of their requirements 
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than older children. Increasing household size was 

associated with a decreasing of the children's vitamin A 

intakes. No relationship was found between protein and fat 

intake with vitamin A status. The authors attributed the 

small impact of fat to the fact that very few children had 

extremely low fat intakes. Only 7% consumed less than 10 

grams of fat per day. In their analysis they also found the 

presence of tuberculosis was positively correlated with 

xerophthalmia but recent diarrhea, measles and ascariasis 

were not. 

Qualitative differences between the diets of children 

with Bitot's spots and randomly matched children were 

examined in Indonesia (Tarwotjo et al., 1982). In a 

nationwide survey field workers asked a responsible adult the 

approximate frequency with which the target children had 

consumed mango, papaya, green leafy vegetables and certain 

sources of retinol during the preceding two months. The 

frequency intervals were more than or equal to once a day, 

more than or equal to once a week, more than or equal to once 

a month, less than a month or never. Normal controls between 

the ages of 12 and 36 months ate with significantly more 

frequency mangoes and papayas than did children with Bitot's 

spots. Among the one year olds, 67% of the normal children 

consumed one or the other of these fruits more than or equal 

to once a week while only 36% of the deficient children 
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consumed them with the same frequency. The controls between 

the third and sixth years of life consumed significantly more 

often dark green leafy vegetables. Eggs were the only 

sources of retinol which were consumed consistently more 

frequently by normals than abnormals. A small percentage of 

children consumed meat or fish regularly. Only normal 5 year 

olds consumption of meat was significantly greater than the 

children in other age groups. Fish consumption was the only 

case in which there was a sex differential in consumption 

patterns, 5 year old males consumed significantly more. In 

a controlled study Tarwotjo et al. (1982) compared 

consumption patterns of children diagnosed with corneal 

xerophthalmia and normal controls. Differences in the 

children's consumption were significant for carrots (which 

was not studied in the nationwide survey), leafy vegetables, 

eggs and fish. The relative risk of corneal disease was 

inversely related to the frequency of dark green leafy 

vegetables and egg consumption. 

While in Tanzania Pepping et al. (1989) compared the 

food intake of nine children with xerophthalmia eye lesions 

to the intake of 17 children without xerophthalmia. The 

children's intakes were estimated by a combination of the 

precise weighing method, the aliquot sampling technique and 

the recall method. Intake for four days, two consecutive 

days for two periods, were recorded. The mean vitamin A 
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intake over four days for the control group was 256 ng and 

for the children with Bitot's spots 182 fig but these values 

were not significantly different. The control group had a 

higher frequency of consumption of whole milk, butter and 

dried vegetables. 

Scrimpton (1989) calculated vitamin A intake by food 

group, by region and by rural and urban distribution for 

Brazil by using data from the 1974 National Household 

Expenditure Survey regional food consumption survey. The 

author realized that these figures were fourteen years old 

and that they do not reflect intra-household distribution but 

he believed they were sufficient to examine food consumption 

patterns in Brazil. The cereals, roots and tubers were found 

to contribute little to the daily dietary intake of vitamin 

A in any region. In this food group vitamin A consumption 

levels were positively associated with consumption of sweat 

potatoes, yams and sweet corn. Vegetables constituted in the 

North and Northeast 8 to 18% of the total vitamin A intake 

while in the South and Southeast vegetables accounted for 20 

to 30%. Higher consumption levels were associated with the 

consumption of pumpkin in rural Minas Gerais and Espirito 

Santo or carrot in Rio de Janeiro. Fruits on the other hand, 

were not major sources especially in the south (2-3%). In 

the rural North and Northeast fruits were important sources, 

constituting up to 33.6% of the daily intake in families in 
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the states of Goias and Mato Grosso. The important sources 

included mango, buriti and pequi. Meats and fishes, 

particularly liver, were significant sources to overall 

vitamin A intake in the urban areas (30-50%) but not an 

important source in the rural areas (10-30%). Dairy 

products, fats and oils were more important in the south 

(>40%) than the rural Northeast (<30%). 

Vitamin A Deficiency in Guatemala 

Nutrition surveys have shown a high prevalence of 

vitamin A deficiency throughout Central America (Arroyave et 

al., 1981). In Guatemala between 1965 to 1967 dietary 

surveys were conducted, which employed the 24 hour recall 

method of obtaining dietary data. These studies revealed that 

out of 200 Guatemalan families 45% were consuming diets that 

were less than one fourth of the RDA (Arroyave et al., 1979) . 

The authors believed the prevalence of vitamin A deficiencies 

was verified by the percentage of children who had serum 

retinol values below 20 ng/dl, a level considered undesirably 

low. Guatemalan children between the ages of zero to four 

years old had a 26.2% prevalence of vitamin A deficiency 

while children five to nine years old had a 16.2% prevalence. 
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These findings prompted the Institute of Nutrition of 

Central America and Panama (INCAP) to initiate a program to 

fortify sugar with retinyl palmitate. The aim of the program 

was to increase the availability of vitamin A sources because 

the underlying cause of vitamin A deficiency was attributed 

to an inadequate intake of the nutrient. A longitudinal 

study undertaken by INCAP before and after the fortification 

program was initiated showed that serum retinol levels 

improved in preschool aged children who initially had low 

serum levels (Arroyave et al., 1981). In 1978 the Guatemalan 

government approved legislation requiring sugar manufacturers 

to fortify sugar with retinyl palmitate. In 1986-87 the 

government reinstated the program since compliance with the 

previous mandate had waned. Today sugar manufacturers 

compliance with the fortification program is really not known 

but is rather doubtful. 

Recently Gadomski et al. (1989) examined several methods 

of assessing vitamin A status in Guatemala. Their study 

population included over 200 children from several areas in 

Guatemala, including an orphanage in Guatemala City, three 

barrios of Guatemala City, a village 30 kilometers from the 

capital and another village in the eastern Guatemalan 

lowlands along the Rio Dulce. They found 18% of their 

population had serum retinol values below 0.70 /xmol/l which 

is a percentage that exceeds the public health 
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recommendations of less than 3.5% set by the International 

Vitamin A Consultative Group (IVACG) (IVACG, 1977). 

Today it is known though that individual1 s serum retinol 

levels are not accurate indicators of their vitamin A status 

except when their status is extremely deficient or extremely 

excessive (Olson, 1984). In the study reported by Gadomski 

(1989) they also observed that 8% of their population had 

relative-dose response (RDR) levels greater than 20%. 

In three communities within Guatemala City, Solomons and 

coworkers (1989) found the mean serum retinol levels of a 

total of 150 preschool children to be 28 /ig/dl. Among the 

three communities, Santa Fe, Ciudad Kennedy, and Guajitos, 

low serum levels (< 20 jug/dl) were respectively found in 13%, 

5% and 17% of the preschoolers. A CIC assessment of the 

children resulted in 33% of the preschoolers in Santa Fe 

having abnormal readings, 30% in Ciudad Kennedy and 20% in 

Guajitos. Clinical signs of vitamin A deficiency 

(conjunctival xerosis) were found in only 2% of the 

preschoolers in Santa Fe. No clinical signs were found in 

the other two communities. 

The prevalence of vitamin A deficiency as determined by 

clinical examinations is not known because there has been no 

national survey to screen the Guatemalan population for 

nutritional blindness. 
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Dietary Surveys 

Besides the surveys conducted for the sugar 

fortification program other surveys conducted in Guatemala 

have also shown insufficient dietary intake of vitamin A. 

Flores and Garcia (1960) reported that in the mestizo (a 

mixture of Mayan Indian and Spanish) community of Amatitlan, 

the mean vitamin A intake of children 1 to 2 years old only 

provided 357+518 IU. Of children 2 to 3 years old, their 

mean intake provided 986+847 IU, and of the children 3 to 5 

years old their mean intake only furnished 656+877 IU. 

Flores et al. (1964) used a three-day record, in which 

a family was visited by a nutritionist and asked to recall 

their consumption, to evaluate the diets of both preschool 

children and their families in three Indian towns. The three 

towns were Santa Catarina Barahona, Santa Maria Cauque and 

Santa Cruz Balanya, which are all in the highlands of 

Guatemala. Dietary surveys were conducted during the same 

season every year for four years in these communities. In 

the first 2 years 30 families and 30 children were included 

in their sample and in the last 2 years the sample was 

reduced to 20 families and children. The mean daily intake 

of vitamins A and C of the children were the only nutrients 

to differ from year to year and the children's intakes of 

these nutrients did not meet the recommended allowances 

suggested by INCAP (1953). 
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In studies conducted by Quan de Serrano and de Gonzalez 

(1987) the caretakers of 297 preschool children and 18 school 

children were interviewed regarding their children's intakes 

of vitamin A sources. A food frequency questionnaire was 

used which required the subject to recall their consumption 

of 37 vitamin A sources during the previous seven days. 

These children were from three peri-urban and five rural 

communities. The median daily intake, expressed in retinol 

equivalents, from the eight villages ranged from 125 i±q to 

851 nq. The percentage of diets which were estimated as 

deficient ranged from 15 to 92. 
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MATERIALS AND METHODS 

This study was approved by the Human Subjects Committee 

at the University of Arizona (see Appendix A) and by the 

corresponding committee at the Center for Studies of Sensory 

Impairment, Aging and Metabolism in Guatemala. 

Study Site 

Selection 

The Santa Rosa area was selected by the staff of CeSSIAM 

based on previous experience in the area. After meetings 

with the Guatemalan Ministry of Health officials, a CeSSIAM 

research team made site visits to local health care centers 

in several cabecera municipales (equivalent to county seats) in 

Santa Rosa. The municipio of Santa Cruz Naranjo, which is 64 

kilometers southeast of Guatemala City, was chosen because of 

the presence of resources such as adequate bus transportation 

to the Capital, a health center which included a doctor, and 

lodging facilities. The most important reason, though, for 

the selection of Santa Cruz was the local health care 

workers' enthusiasm to expedite our acceptance into the 

community. The actual study hamlet, or aldea, of Potrerillos 

(see Figure 2.1) was selected for its population size and 

close location to Santa Cruz. 
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Figure 2.1 Location of Potrerillos 
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Description of Area 

The elevation of Santa Cruz is 1,170 meters and the 

climate of the area is divided into a rainy season and a dry 

season. The dry season extends from November to April while 

the rainy season begins in May and ends in October. The 

major industry of Santa Cruz Naranjo is agriculture which is 

based upon this two-season climate. The principle crop is 

coffee, but corn, beans and sugar cane are also cultivated. 

Potrerillos is one of six aldeas of Santa Cruz Naranjo. 

It is a rural and strictly ladino community three kilometers 

from the cabecera municipal. The road to Potrerillos is unpaved 

and during the rainy season becomes impassable. No bus 

service is available to this aldea and the closest health 

center is in the cabecera. Potrerillos is one of the few 

aldeas with no electrical services. A primary school, which 

includes grades first through sixth, is located in 

Potrerillos. 

Markets 

As presented in Figure 2.2, in Potrerillos locals had 

access to several market areas. Generally, as a buyer 

progressed away from the households in Potrerillos the number 

of goods offered increased while the prices decreased. The 

marketing area closest to the households included house to 
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Figure 2.2 Marketing Areas 
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house vendors. Vendors selling bread, cheese or tomatoes 

passed by weekly and a vendor selling fish passed twice a 

month. During the coffee harvest vendors selling ice cream 

visited the community at least once a week. Also within 

Potrerillos families often sold items such as milk, eggs, 

cheese, mangoes, bananas, oranges and peanuts to their 

neighbors. Two stores in Potrerillos, which mainly sold dry 

goods, usually offered bread, eggs, tomatoes, cheese, 

candies, cookies and soda. 

The next major marketing area, which was in Santa Cruz 

Naranjo was three kilometers from Potrerillos. Within Santa 

Cruz, there were seven stores, and six of these had 

refrigerators. The selection in these stores was greater but 

depended upon deliveries from Guatemala City and local 

producers. Some fresh vegetables and fruits were offered but 

their selection was limited usually to no more than two or 

three items and was only available once a week. There was a 

weekly market in Santa Cruz, but regarding fruits and 

vegetables it was not very active. Meat was also offered by 

the butcher on market day, which was Friday, and this 

schedule greatly influenced meat consumption within 

Potrerillos as well as Santa Cruz Naranjo. 

The next area of markets accessible to people in 

Potrerillos was in the town of Barberena. Barberena was 33.7 

kilometers from Potrerillos and to arrive there one had to 
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walk to Santa Cruz and catch a bus ride from there. 

Barberena had a daily market; however, people from 

Potrerillos would travel there only on weekends if they were 

solely shopping. 

The last marketing areas in this scheme were markets 

located in Guatemala City. The market most often frequented 

by people from Potrerillos was the one near the bus terminal. 

These daily markets offered the largest selection, the most 

variety and generally the lowest prices. However, locals 

from Potrerillos would not visit Guatemala City simply to buy 

food. The "solar marketing system" as described by Annis 

(1981) was to an extent present in the community of 

Potrerillos. 

Census of Potrerillos 

No local city planner's map of Potrerillos existed; so 

with the help of two local health care promoters, a 

Guatemalan anthropologist (my assistant) and a parasitologist 

(who also worked with CeSSIAM), we became familiar with the 

location of the households in Potrerillos. At first my 

assistant and I introduced ourselves and our project to a 

local meeting of young women in Potrerillos. The meeting was 

sponsored by a Peace Corps volunteer working in the area. We 

then proceeded to visit systematically each household in the 

hamlet. During these visits we again explained our project 
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to the families. At this time we inquired about the ages of 

the children in the household and informed those with 

children greater than one year and less than six years of age 

that we would return to interview them again. 

During this visit we also administered a qualitative 

instrument in which we asked the primary food caretakers in 

all the households if the family during the past week had 

eaten any foods which were indicated on a list of vitamin A 

sources. The food items were taken from an instrument 

developed by Quan (Quan de Serrano, 1987). Quan's 

questionnaire was designed to examine dietary consumption of 

key sources of both retinol and B-carotene. This instrument 

includes 38 items found in the Guatemalan urban food supply. 

It was developed for a study examining bioconversion of B-

carotene to retinol within school children (see Appendix B) . 

The interviewee was also asked to mention other foods her 

family ate during the past week. Also one of the local 

health care promoters was very informative about local 

cuisine. 

At the end of the field testing phase, a total of 

eighty-six households were identified in Potrerillos with a 

total population of 516 individuals. A household was defined 

for this study as those individuals which constituted an 

independent system of food chain events. There was only one 

case in Potrerillos where one household dwelling had two 
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systems within it. Fifty-six of the households were 

identified as containing children greater than one year and 

less than six years of age. 

Within the 55 households, that remained in the study, 

there was a total of ninety-one children. One household was 

dropped because of its distant location from the central part 

of the village, their suspicions regarding our project and 

their aggressive dogs. Of the 55 households, 26 households 

had one child of eligible age, 24 households had two 

children, four had three children and one had four children. 

Boys comprised 56.7% of the 90 children and girls 43.3%. At 

the time of the anthropometric measurements (which was 

roughly three months after the start of the study) the mean 

age of the children was 44.63+17.48 months and ranged from 

15.64 to 73.99 months. 

Development of Food Chain Ing-t-Tinnftwh 

A questionnaire, was developed based on 22 locally 

consumed vitamin A sources which were identified from the 

first survey (See Appendix C). Since the availability of 

vitamin A sources, especially fruits and vegetables, was so 

seasonally dependent, the consumption of "other" fruits and 

vegetables was always asked. 
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The instrument focused on the household consumption of 

these items. If the item was consumed by a household member, 

the interviewee was then asked about its acquisition, the 

preparation and storage. An item was considered stored if it 

was kept for longer than one day. If the item was stored, 

then the interviewee was also asked where was it stored. 

Another aspect of the instrument focused on child 

feeding practices. This section of the interview was only 

administered to actual mothers, since some of the other 

caretakers had not been involved in the children's weaning 

process. Mothers were asked the age at which each vitamin A 

source was introduced into their children's diet. They were 

also asked if they withheld these items from their children 

during episodes of illness, especially diarrhea and upper 

respiratory tract infection. The mothers were also asked if 

they, themselves, abstained from eating these items while 

they were pregnant and or breastfeeding. Finally the 

mother's preference scores for each item were obtained by 

using a hedonic scale which ranged from one, meaning they 

disliked the item, to four, meaning they greatly liked the 

item. This information was collected from forty-six mothers. 

This instrument was then field tested on 31 families, to 

observe the reliability of the responses given by primary 

food care takers over a given elapsed time. This was 

undertaken in order to gauge how many days of food use could 
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be reported accurately during one interview. The 31 

households were chosen from within the center of the village 

because these households were more accessible and these 

families were more familiar with us. Three time intervals 

were tested. The number of days within each interval was 

influenced by a weekly field day schedule permitted by 

CeSSIAM and my assistant, who was reluctant to work on 

Saturdays and Sundays. This schedule led to the adoption of 

a two day interval, a four day interval and an eight day 

interval. The ten (or eleven households in one case) were 

chosen randomly by selecting their household identification 

numbers from a pocket for each time interval. In some cases 

food caretakers were not home for the second interview. 

Since the same interviewee needed to be used for the first 

and second interview, the food caretaker in a neighboring 

household was interviewed in place of the selected household. 

During the field testing of the instrument, other 

information was collected from the mothers concerning the 

occupation of the parents, literacy of the parents, age of 

the parents, the number of pregnancies of the mother and the 

ages of all the living siblings. 

Four interviews covering the previous calendar day were 

collected on separate occasions from fifty-five households, 

between July 1989 and December 1989. No interviews were done 

during October because of the collection of blood samples, 
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dietary data and anthropometric measurements. For each round 

of interviews (one round of interviews would be, for example, 

all the households1 first interview), an area of households 

would be chosen randomly, again by drawing a household number 

from a pocket. If a household was interviewed its number was 

removed from the pocket so that all 55 households were 

interviewed before beginning a new round of interviews. 

Unfortunately, this became impossible because some food 

caretakers were not always home. This occurrence led to the 

procedure that if the first food caretaker was away or was 

expected to be away from home for more than one week the 

substitute food caretaker, usually a daughter, within the 

household was interviewed. 

Every household was interviewed for three weekdays and 

one weekend day. This was done to represent weekend patterns 

since these are considered to be different than weekday 

patterns. To achieve this goal interviews were conducted on 

the weekend days until all of the households had been 

interviewed once on these days. The area of households 

chosen for a specific weekend day was selected by drawing 

from a pocket. The households that were already interviewed 

during a weekend day were taken out of the drawing. Thirty-

five households were interviewed on Tuesday, 33 on Wednesday, 

34 on Thursday, 30 on Friday, 31 on Saturday, 26 on Sunday 

and 29 on Monday. 
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The first 30 interviews, which obtained information on 

previous day activities, collected during the field testing 

of the food chain questionnaire was included in this batch of 

interviews. I conducted all of the interviews except for the 

first thirty. 

vitamin a Intake Data 

The same food frequency instrument used to help 

determine local vitamin A sources (Quan de Serrano) was used 

independently by Quan to collect consumption data concerning 

86 children from 52 households. During October 2nd through 

the 5th of 1989, primary food caretakers were asked the 

consumption of each specific child within their household. 

This instrument focused on the child's consumption of vitamin 

A sources for the previous seven days. Standard portion 

sizes as listed in Valor Nutritivo de bs Alimentos para Centra America y 

Panama (Flores, 1971) and the Latin American Food Composition 

Table (INCAP, 1969) were used to convert number of servings 

into retinol equivalents. 

Standard of Living 

Using an instrument developed by Hurtado (Manuel de 

Estudios Antropologicos Aplicados a Salud y Nutricion, n.d.) , 

the anthropologist collected information concerning family's 
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dwellings and animal ownership, from all of the 55 households 

(See Appendix D). 

Anthropometric Measurements 

Anthropometric data were obtained from eighty-six 

children from fifty-four households. Weight was measured by 

a Salter-type (Itac Corporation) scale for those children two 

years and younger and a beam scale for older children. The 

length of the children two years and younger was measured in 

the supine position with an infantometer. Height was 

measured in children older than two years. Caretakers were 

asked the birth dates of their children and these dates were 

then verified by checking municipio and health center 

records. The anthropometric data were standardized to the 

Center for Disease Control/World Health Organization 

reference population (CDC, 1988). 

Parasite Burdens 

Stool samples were donated by all the children in the 

study and examined for parasite eggs with a modified Kato-

katz smear technique (Forrester and Scott, 1990) which 

provides a relative index of infection intensity. Fifty 

milligrams of stool sample was spread over a known area on a 

slide and then covered with Cellophane which was presoaked in 

Glycerin and Malachite Green. All the eggs in ten microscope 
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fields were counted and identified by the same individual 

using a Bh2 microscope. Each subject's stool sample was 

processed and read in duplicate. The egg counts were 

averaged and then converted by multiplication to "eggs per 

gram" (epg) scores. Egg counts were made for Ascaris lumbricoid.es 

and Trichuris tricuria. Hookworm (Necator americanus) was also present 

in the community but was only quantified in 30 children. 

Statistical Analysis 

Except for the anthropometric measurements, which were 

entered into the CDC software program, all of the data were 

entered into a Database III Plus program and then transferred 

into the Statistical Package for the Social Sciences 

(SPSS*PC) program for analysis. Most analyses were performed 

on the IBM personal computer located in the Nutrition Section 

of the Department of Family and Community Medicine, 

University of Arizona. Kappa and McNemar statistics assess 

the reliability of the food item recall and were computed on 

the SPSSX on the University of Arizona mainframe computer. 

The Kappa statistic (Fleiss, 1981) evaluates the degree 

of agreement among categorical data with the following 

formula: 

Kappa= 2(ad-bc) 
p1q2+p2q1 
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where a, b, c, and d are proportions of the grand total of a 

2x2 table and p, = a+c, p2 = a+b, q, = b+d and q2 = c+d. 

Sometimes referred to as an intraclass correlation 

coefficient, this comparison utilizes the percentage of 

expected and observed outcome and corrects for chance 

agreement. Its values range from 1.0 which signifies perfect 

agreement between observations to 0 which is when the number 

of observations which agree are equal to chance. Kappa will 

result in negative values when the proportion of observed 

agreement is less than the proportion of chance agreement. 

The McNemar test (Woolson, 1987) examines the bias within a 

2x2 table by examining the symmetry on the off diagonals. 

To compare food chain variables to other variables, the 

household consumption and other food chain activities for the 

ten major vitamin A sources (see Table 3.4 for the items) 

were summed for the four observed days. The children's age 

of introduction of vitamin A sources was averaged for the 

food items which were in the diets of the household members. 

For example, if a food caretaker reported their family never 

consumed cow's milk this item was not averaged in as zero. 

However, to compare the food beliefs to other variables the 

items which were not withheld during the particular state of 

health were summed together and those items for which the 

caretakers did not give an answer to, for whatever reason, 
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were included in as zero because the child was not receiving 

the item anyway. 

The anthropometric, dietary, some of the standard of 

living, customs and acceptance, and parasite data were 

summarized with descriptive statistics, such as means, 

standard deviations, ranges, percentiles and percentages. T-

tests and Wilcoxon Rank Sum tests were used to determine 

significant differences in variables by sex. Relationships 

between anthropometric measurements and other variables were 

examined with Pearson's correlation coefficient. Among the 

children's intake, parasite burdens and other variables 

Spearman's correlation coefficients were employed, since the 

distributions of these variables were not normal. Multiple 

regression equations were used to predict children's intake 

of vitamin A. In the results from the regression analyses, 

the values listed as B are the partial regression 

coefficients which quantifies the variation in the dependent 

variable (which was the children's intake of vitamin A) 

caused by the independent variable. This coefficient is 

adjusted for the other independent variable or variables 

placed in the equation. The B coefficient is the 

"standardized" regression coefficient which examines the 

amount of variation in terms of standard deviations. The "t" 

is the value for the t-statistic and p is the 2-tailed p 

value associated with the t-statistic. A "spline" regression 
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(Quandt, 1958 and Quandt, 1960) was used to examine the 

relationship between household consumption and the children' s 

consumption. This regression technique allows two lines to 

be fit to the same data and examines "threshold" effects. 
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RESULTS 

Description of the Study Households 

Socioeconomic Data 

All the families in this study except one were engaged 

to some extent in agriculture. The providers of two 

households worked in construction; however, one of these 

families was also involved in the coffee harvest. Two of the 

families (both were female-headed) grew fruits and vegetables 

to sell for a livelihood. Four other families had female 

heads but had either sons or daughters with husbands employed 

in farming. More than half (63.0%) of the head of households 

were literate as well as the majority (70.8%) of mothers. 

The heads' of households mean age was 42.54 (+15.26) while 

the mothers' was 30.18 (+8.05). The mothers' mean number of 

pregnancies was 6.10 (±4.18), and the mean number of live 

births was 4.80 (+3.20). More than half (54.35%) of the 

mothers were breastfeeding at the start of the study. 

In this description households are considered to be 

separate dwellings. Of the 54 households, 85.2% owned the 

property on which their homes were located, and 92.6% owned 

the dwellings in which they were living. 

The dwellings had a mean of 2.6 rooms with a range of 

one to five rooms. The majority of the dwellings (66.7%) had 

strictly dirt floors. The next most common (18.5%) type of 
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floor was a combination of cement and dirt. Other types of 

floors were constructed of clay, brick and any combinations 

of these and those previously mentioned. Fifty-six percent 

of the dwellings had two roof types, aluminum and clay. Of 

the 54 structures 25.9% had solely clay roofs while 9.3% had 

solely aluminum. Palm was also used for roofs as well as any 

combinations of palm, clay and aluminum. 

The most variable structures of the dwellings were the 

walls. Walls were constructed from cane, simple and finished 

barareque (mud supported by canes), simple and finished 

adobe, wood and cement block. Finished barareque and adobe 

were smoothed while still wet during construction. The most 

common type of wall construction was the simple adobe (31.5%) 

and a combination of simple and finished adobe (18.5%). 

Separate rooms were used as "kitchens" in 85.2% of the 

dwellings, while 13.0% had a "kitchen" separate from their 

dwellings and 1.9% had no unique area for a "kitchen". All 

but one of the dwellings had a "formal" stove. In all the 

households, the stoves used wood for fuel. Twenty-seven 

percent of the homes, collected water from a spring or river, 

67.3% had water piped from a spring and 5.5% used their 

neighbors piped water. Most of the dwellings (70.4%) had no 

latrine facility; 11.1% had a designated pit and 18.5% had an 

actual latrine structure (out-house). In all of the 
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dwellings water waste ran off onto the ground near the 

household and solid waste was left scattered in the area. 

Eleven (20.4%) families owned no audio appliances. 

Radios were owned by 50.0% of the families and 22.2% owned a 

radio/tape player? 1.9% owned a radio and tape player and 

5.6% owned a radio and a radio/tape player. 

Chickens were the most common domesticated animals; 

96.3% of the families owned between 2 to 70 chickens. 

Fourteen families (25.9%) owned ducks and eighteen families 

(33.3%) owned turkeys. Goats were owned by nineteen families 

(35.2%), cows by two (3.8%) and swine by twelve (22.2%). 

Fourteen families (25.9%) had horses and one family (1.9%) 

had a mule. Four of the 14 families that had horses owned 

two. Dogs were owned by fifty families (92.6%), cats by 

twenty-six (48.1%) and songbirds by three (5.6%). One family 

had as many as six dogs. 

Description of the Children's Health 

Anthropometric Measurements 

Thirty-five percent of the children were below two 

standard deviation units for weight-for-age, 68% were below 

two standard deviation units for height-for-age and 4% were 

below two standard deviation units for weight-for-height. 

Children two or more standard deviations below the standard 

(2.3% expected) are considered moderately to severely 
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undernourished. The Z-scores for weight-for-age ranged from 

-5.05 to .07 with a mean of -1.64+.94 (S.D), for height-for-

age from -5.64 to 1.8 with a mean of 2.39±1.24, for weight-

for-height from -3.16 to 1.71 with a mean of -.25+.87. 

Averages for each household were calculated for the 

anthropometric measurements and Figures 3.1, 3.2, and 3.3 

illustrate the distribution of the averaged weight-for-age, 

height-for-age and weight-for-height Z-scores. 

Bivariate Predictors of Anthropometric Measurements 

The anthropometric measurements showed no significant 

differences between girls' versus boys' measurements as seen 

in Table 3.1. 

Table 3.1 Anthropometric Measurements (in Z-scores relative 
to NCHS reference population) by Sex (x+SD) 

Variable Wt-for-Age Ht-for-Age Wt-for-Ht 

Boys —1.44+.90 -2.17+1.24 -.12+.14 
(n=45) (n=45) (n=46) 

Girls -1.75+.87 -2.65+1.00 -.31+.13 
(n=3 3) (n=32) (n=32) 
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Table 3.2 show the significant relationships between the 

children's anthropometric measurements and socioeconomic and 

food chain variables. The head of the households* literacy-

was positively associated with both the children's weight-

for-age and height-for-age Z-scores. The sum of major 

vitamin A sources which were purchased was negatively 

associated with the children's weight-for-height. The number 

of horses owned by the household was a significant predictor 

of both height and weight. The anthropometric measurements 

were not significantly associated with the children's worm 

burdens. 

Table 3.2 Significant Correlations Between Anthropometric 
Measurements, Socioeconomic and Food Chain 
Variables (r) 

Variable Head of the 
Household's 
Literacy 

Horse 
Ownership 

Sum of 
Purchased 
Vitamin A 
Sources 

Ht-for-Age1 .39" .25* .20 

Wt-for-Age1 .34* .29* -.09 

Wt-for-Ht1 .00 .22 -.29* 

p < .05 
p < .01 
Z-scores relative to NCHS reference population 
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Parasite Burdens 

Four of the children had stools which were too watery to 

examine. From the remaining 87 children, 30.8% had A. 

lumbricoides and 37.2% had trichiura infections. The 

intensities for ascaris ranged from 0 to 64,977 epg and for 

trichuris from 0 to 5,203 epg. Fifty-two percent of the 

children had neither parasite, 29% had one parasite and 19% 

had both types. Of the thirty children who were examined for 

hookworm 23.3% had an infection. 

The helminth burdens were also averaged per household 

since the probability of being infected appeared to be 

household dependent. To evaluate if infections were 

clustered in households, the number of infected children was 

calculated per number of target children within the household 

and then this frequency was compared to the expected 

frequency of distribution estimated by the binomial 

distribution. Figures 3.4 and 3.5 show the distribution of 

the worm burdens per household. 

Bivariate Predictors of Worm Burdens 

There was also no significant difference in girls' 

versus boys' parasite burdens which was tested with the 

Wilcoxon Rank Sum Test since the distributions were not 

normal. Table 3.3 details the significant associations found 

between the children's parasite burdens and the household's 
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food chain events and socioeconomic variables. The 

children's Ascaris intensities were negatively associated 

with the four day sum of the major vitamin A sources acquired 

by cultivation and number of dogs owned by the household. 

Their intensities, though, were positively associated with 

their mothers' number of live births. The four day sum of 

the maj or vitamin A sources acquired by purchase was 

negatively associated with their trichuris intensities. 

Their trichuris intensities were positively related to the 

number of chickens, goats and their families' home ownership. 

Both infections were positively associated with the number of 

pigs owned by the household. 
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Table 3.3 Significant Associations1 Between Worm Intensity 
and Food Chain and Socioeconomic Variables (r) 

Variable Ascaris 
Intensity 

Trichuris 
Intensity 

Sum of Cultivated 
Major Sources Over 
4 Days 

-.49 n.s. 

Sum of Purchased 
Major Sources Over 
4 Days 

n.s. i • to
 » 

Mothers' Number of 
Live Births 

.31* n.s. 

Home Ownership n.s. .26* 

Number of Swine 
Owned 

.11** .35* 

Number of Goats 
Owned 

n.s. .29* 

Number of Dogs 
Owned 

-.29* n.s. 

Number of Chickens 
Owned 

n.s. .30* 

p < . 05 

1 Rank Correlations 

Vitamin A Intake Measured by the 

Seven-Dav Food Frequency Questionnaire 

Intakes of breastfed children (n=7) were excluded from 

the following results, and intakes were calculated without 

the retinol provided by fortified sugar. Since the 

compliance of the sugar manufacturers to the fortification 

mandate is not known and is highly dubious, the local 

nutritionist and senior scientist at CeSSIAM advised me not 
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to include the retinol from sugar in my analysis. Table 3.4 

shows the major sources of vitamin A in the children's diets 

and the average amounts of vitamin A each source contributed 

to their intakes. In this analysis, intakes from both 

children who consumed the foods and who did not consume the 

foods were averaged. For all the children (n=79), ten food 

items contributed on average over 80% of their daily intakes. 

Incaparina, a cereal fortified with retinol, was the most 

significant source and contributed on average 15% of the 

daily intakes for all 79 children. 

Table 3.4 Average Amount of Vitamin A Contributed by 
Specific Foods to Daily Intakes and Each Food's 
Relative Contribution to Total Daily Intakes* 

Food Item Retinol 
Equivalents x+S.D. 

(m g) 

Percentage of Total 
Vitamin A Intakes 

x+S. D. 

Incaparina 62.85±156.30 15.21+27.00 

Eggs 13.30+15.13 12.95+18.62 

Tomatoes 7.55±8.75 12.50+21.29 

Carrots 37.22+110.64 8.10+17.99 

Jocotes 4.80±9.24 7.62±18.55 

Chipilin 23.94+62.23 7.17+15.27 

Quilete 12.79±36.92 5.31+16.02 

Crab 12.90+54.38 4.75+14.88 

Cream 6.57+19.12 4.21+14.71 

Bananas 4.96±8.77 4.34+7.99 

Based on Non-breastfed Children (n=79). 
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Table 3.5 shows the retinol equivalents and mean 

percentages calculated for only those children who consumed 

each food. Children who did not eat. the food were not 

averaged in these calculations. For the children who 

consumed Incaparina, it contributed on average 50% of their 

daily score and on average 206 ng of vitamin A. 

Table 3.5 Average Amount of Vitamin A Contributed by 
Specific Foods to Consumers' Daily Intakes and 
Each Food's Relative Contribution to Total Daily 
Intakes* 

Food Item 
(Consumers) 

Mean Retinol 
Equivalents+S.D. 

(Mg) 

Mean Percentage 
+S. D. 

Incaparina (n=2 4) 206.87+227.51 50 .05+25.54 

Eggs (n=58) 18.12+14.98 17 .64+19.75 

Tomatoes (n=69) 8.65+8.84 14 .31+2 2.21 

Carrots (n=21) 140.00+80.65 30 .4 6±2 3.39 

Jocotes (n=37) 11.05+11.97 16 .38+24.46 

Chipilin (n=l9) 99.55+94.01 29 .83±17.24 

Quilete (n=14) 72.19+59.66 29 .56+27.33 

Crab (n=8) 127.40+127.59 46 .95±14.24 

Cream (n=16) 32.24+31.74 20 .79+27.53 

Bananas (n=35) 10.77±10.38 9 .20+9.50 

* Nonconsumers are excluded. 

The children's daily vitamin A intakes ranged from 3.5 

to 1,870.7 pq with a median of 128.0 nq. Most of the 

children (73.7%) between one and four years old, had intakes 
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below 250 jxg, the requirement set by WHO/FAO (1971) , and 

69.4% of the children between four and six years old had 

intakes below 300 fig, the requirement set for this age group. 

The mean percentage which 6-carotene contributed to the 

children's total daily intakes of vitamin A was 45.5% and the 

mean percentage from other carotenoids was 9.9%. B-carotene 

comprised more than 70% of the daily intake for only 17.7% of 

the children. 

Averages of Children's Intakes Per Household 

Since 76% of the households with two or more children 

contained children's intakes in the same quartile and the 

remaining 24% had intakes in adjacent quartiles, implying 

consumption of vitamin A is household dependent, averages of 

intakes were calculated per household (see Table 3.6). The 

distribution of the intakes averaged per household is 

demonstrated in Figure 3.6. 
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Table 3.6 Congruence of Vitamin A Intakes Among Children 
Within the Same Households 

Number of Household Household Household Household 
Target with All with All with All with 
Children Intakes Intakes Intakes Intakes 
in in the in the in the in 
Household Same Same Same Opposite 

Quartile Quartile+ Quartile+ Quartiles 
One Two 
Quartile Quartiles 

Two (n=22) 17 5 0 0 

Three 2 0 0 
(n=3) 

Total 19 6 0 0 
(n=25*) 

Percentage 76 24 0 0 

25 households had only one target child. Only 25 
households are in this sample because 3 households were 
not interviewed and 2 households had only one child but 
were excluded because the children were breastfed. 

This household had two children in the same quartile and 
one in an adjacent quartile. 
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Food Chain Patterns 

Acquisition. Preparation and Storage 

The methods of acquisition of food products used by the 

families in Potrerillos included purchasing, home producing, 

gathering and receiving as a gift. Some of the respondents 

considered when their child collected mango or jocotes from 

trees which did not belong to their family, that this food 

was a "gift". The acquisition method was often food 

specific. 

For all the households and all the vitamin A sources 

which were consumed (n=44) on average, 45.38% (ranging from 

7.1% to 78.9%) were purchased. On average the cost per day 

for the items was 3.30 quetzales (Q; during 1989 3.7Q was the 

exchange rate for $1 U.S.) and ranged from 0.30 to 20.26Q. 

Based on local informants, for those involved in agriculture 

the average salary for one day's work ranged from three to 

four Q. Of all the vitamin A sources, on average 4.91% 

(ranging from 0 to 20.0%) was gathered, 34.93% (ranging from 

0 to 77.78%) was grown, 13.64% (from 0 to 66.7%) was received 

as a gift and .36% (from 0 to 8.33%) was acquired by fishing 

(see Figure 3.7). 

Food caretakers usually prepared three meals a day, a 

light breakfast around 6:00 a.m., a heavy mid-day meal around 

11:00 a.m. and a light evening meal before the sun set around 

5:00 p.m. (this community had no electricity for lights so 
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most activities needed to be finished by dark). Some 

families, though, would skip the last meal and simply drink 

coffee in the evenings. Food preparation began early in the 

morning for breakfast and usually when breakfast was cleared 

the food caretakers would search for wood for their stoves 

and begin making tortillas. Some women would make tortillas 

daily while others would make enough for two days. Most of 

the women made their own masa (corn flour) but a few paid to 

have their corn milled in Santa Cruz. The dough rolling, 

tortilla forming and cooking on the comal, a flat cooking 

surface placed over the fire, would take from two to three 

hours. Beans were also started early since they required two 

to three hours to cook. Enough beans, like the tortillas, 

were prepared for three meals. These two foods were the 

basis for most of the families' meals. Usually other foods 

were prepared one meal at a time. 

Preparation methods for vitamin A sources were usually 

food specific. Tomatoes and eggs were prepared with the most 

diversity. Tomatoes usually accompanied other foods or were 

an ingredient in mixed items, such as chirmol (a hot sauce) and 

tamales, while eggs were usually a main dish. Cream, cheeses 

and milk were usually consumed fresh, but milk was sometimes 

boiled. Cream and cheeses were most often added to the 

various bean dishes. Vegetables were boiled or steamed for 

long periods of time and were either eaten as a side dish or 
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were added to mixed dishes, such as sopa de arroz. However, 

some families did report making carrot juice from raw carrots 

and eating tomatoes raw. Fruits were generally eaten raw and 

almost always as a snack. Jocotes were the only fruits which 

were not peeled. 

Practically none of the items were processed for 

storage. The two families that owned cows seldom made cheese 

because they were more inclined to sell their milk. Only one 

household dried meat but several did dry chilies by hanging 

the chilies in the kitchen near or above their stoves. 

Families generally stored their goods in the household 

up off the ground on a labia colgante (a suspended self) , on a 

yagual (a hanging basket) or on a garabato (a large tree branch 

whittled to hold up cups, plastic bags, etc). Vegetables 

were generally set upon the edge of the stove or as in the 

case of squash set on the ground under the stove or outside 

on the porch. Many of the purchased goods which were in tins 

or boxes were set on the tabla colgada, in the platera (a wooden 

cabinet) or on the top of the walls. Walls which partitioned 

rooms generally did not reach the ceiling. Cream was 

generally stored in a plastic bowl. One family did store 

crabs which were caught in the river in barrels of water 

outside their home, another family stored their carrots in 
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water while another stored their eggs in aluminum tins filled 

with sand so that the eggs would not crack. 

Reported Use of Vitamin A Sources in Infants' Diets and 

During Illness 

Table 3.7 lists the reported ages of the children 

(x+S.D.) when these foods were introduced into their diets. 

Eggs were the first of these items introduced while greens 

(leaves and tips of ayote and bledo) were introduced later in 

life. 

Table 3.8 shows the percentage of caretakers who 

reported that they withheld specific foods from their 

children while their children were ill. All of the mothers 

reported if they withheld these foods it was because of their 

belief in the "hot-cold" phenomenon. Incaparina though was 

withheld from their children by a few mothers because it 

supposedly gave a "bad" odor to their children's stools. 

Eggs (a major source), milk and cream were withheld by a 

majority of the caretakers when their children had diarrhea. 

Processing and age of the product must also be important in 

the caretakers perception of "hot-cold" since the percentages 

of caretakers were different for cream, hard cheese, and 

milk. Mangos, chipilin, quilete and jocotes maranon were 

also withheld by a considerable percentage of mothers during 

their children's diarrheal episodes. The percentages of 
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mothers who withheld certain vitamin A sources during colds 

were not as large as those for diarrhea but were withheld for 

the same foods. The major vitamin A sources from which 

mothers reported abstaining while they were breastfeeding 

were cream and cheese. The mothers believed that these two 

foods were "hot" and this "hotness" would be transferred 

through their milk to their infants causing harm to their 

children. Another widely held belief in this community was 

that the two greens, chipilin and quilete stimulated milk 

production so breastfeeding mothers were encouraged to eat 

these greens. 

Most of the mothers reported an extreme liking for 

almost all of the sources. The preference scores ranged from 

3.29 to 4.0 (on a scale of 1 to 4 with 4 meaning that the 

individual extremely "liked" the food) and showed little 

variation. The least liked foods, were jocotes maranon 

(3.29) and Incaparina (3.53). 
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Table 3.7 Mean Age of Specific Vitamin A Sources 
Introduction into Children's Diets 

Food Item Mean Reported Age of 
Introduction into 

Children's Diets in Months 
(S.D.) 

Egg 9 .50 (14 .41) 

Cow's Milk 11 .00 (6 .96) 

Powdered Milk 10 .08 (8 .37) 

Hard Cheese 10 .68 (7 .20) 

Fresh Cheese 10 .78 (8 .30) 

Cream 12 .89 (8 .74) 

Incaparina 12 .17 (15 .16) 

Carrots 12 .29 (8 .08) 

Chipilin 14 .00 (11 27) 

Quilete 13 .66 (9 .27) 

Bledo 15 .86 (13 .25) 

Leaves and tips of Guisguil 14 03 (10 45) 

Leaves and tips of Ayote 18 87 (22. 10) 

Green Pepper 13 61 (11. 60) 

Tomato 11 50 (7 59) 

Mango 11. 93 (6. 28) 

Platano 11. 10 (4. 75) 

Papaya 12. 40 (8. 10) 

Jocote Maranon 12. 20 (5. 62) 

Zapote 14. 90 (10. 56) 
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Table 3.8 Mothers Who Withhold from their Children Sources 
of Vitamin A During Diarrheal Episodes and Colds 
and Mothers Who Abstain from these Sources While 
Breastfeeding 

Food Item Withhold Withhold Mother 
During During Abstains 
Diarrhea Colds During 

(%) (%) Breast
feeding (%) 

Egg (n=4 6)* 80.43 63.04 6.66 

Cow's Milk (n=38) 55.26 31.58 5.00 

Powdered Milk (n=40) 45.00 12.50 14.63 

Hard Cheese (n=45) 22.22 11.11 20.00 

Fresh Cheese (n=41) 29.27 19.51 34.15 

Cream (n=45) 62.50 44.44 41.30 

Incaparina (n=4l) 29.27 4.88 12.82 

Carrots (n=41) 7.32 0.00 2.32 

Chipilin (n=43) 20.93 4.65 0.00 

Quilete (n=44) 18.18 4.55 0.00 

Bledo (n=45) 22.22 6.67 11.11 

Leaves and Tips of 12.50 6.25 8.33 
Guisguil (n=32) 

Leaves and Tips of 16.13 9.68 8.33 
Ayote (n=31) 

Green Pepper (n=39) 12.56 2.56 2.56 

Tomato (n=42) 14.29 9.52 2.38 

Mango (n=42) 33.33 14.29 11.90 

Platano (n=41) 4.88 4.88 0.00 

Jocote (n=29) 37.93 20.69 15.15 

Zapote (n=39) 17.95 7.69 12.50 

* Sample sizes vary because some mothers did not offer an 
answer. Some had never consumed the items and thus never 
considered the food's qualities or the food item was never 
available during these specific states. 
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Reliability of the Food Chain Questionnaire 

Table 3.9 shows the reliability analysis for eight vitamin 

A sources. Kappa (Fleiss, 1973) values range from 1.0 which 

signifies perfect agreement between observations to 0 which 

is when the number of observations which agree are equal to 

chance. Kappa will result in negative values when the 

proportion of observed agreement is less than the proportion 

of chance agreement. When there is no variability in the 

observations the statistic cannot be calculated. Tomatoes 

were the only items which the food caretakers showed to have 

a definite decline in reliability over time. 

Table 3.9 Reliability of Specific Food Items on Food Chain 
Instrument Recalled After Three, Five and Nine 
Days (Kappa Statistic) 

Food Item Day 3 Day 5 Day 9 

Eggs .40 1.00 1.00 

Cream .54 .41 * 

Incaparina .46 A .52 

Carrots * * .74 

Chipilin .62 * .41 

Quilete .79 * .62 

Tomato .74 1.00 .38 

Mango .74 .78 .78 

* Kappa Statistic cannot be calculated. 
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Table 3.10 shows an analysis of bias in the reported 

results. The responses given on the fifth day for cream and 

carrots, and responses given on the ninth day for chipilin 

and tomatoes showed that the responses on the off-diagonals 

were not proportional. By examining the off-diagonals, I 

found the one representing the food as being consumed the 

second but not the first time was over represented. These 

results, even though the sample was small, showed an over 

estimation error. Other responses showed a random 

distribution of responses between the two diagonals and thus 

resulted in a McNemar (Woolson, 1987) statistic of one. 

Table 3.10 Bias in Reporting of Food Items Over Three Time 
Intervals (McNemar Statistic) 

Food Item Day 3 Day 5 Day 9 

Eggs 1.0 1.0 1.0 

Cream 1.0 0.5 1.0 

Incaparina 1.0 1.0 1.0 

Carrots 1.0 0.5 1.0 

Chipilin 1.0 1.0 0.5 

Quilete 1.0 1.0 1.0 

Tomato 1.0 1.0 0.5 

Mango 1.0 1.0 1.0 
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Comparison of the Seven-dav Food Frequency Questionnaire to 

the Food Chain Questionnaire 

In the food chain analysis, households were defined as 

having independent food acquisition methods, preparation 

techniques, storage and consumption patterns. During the 

administration of the food chain questionnaire, household 

consumption of vitamin A sources was asked as "did anyone in 

your household eat these foods yesterday?" and if one or all 

of the members consumed the vitamin A source it was recorded 

as one "food item day". Fourteen vitamin A sources were 

reported consumed by the households more than 10% of all the 

interview days from all the families (e.g. number of days 

eggs were reported as consumed from all the interviews/4 

interviews*55 households*100%) . These items included 

tomatoes, eggs, jocotes, Incaparina, bananas, cow's milk, 

guicoy sazon (pumpkin), hard cheese, sincuya (fruit), 

powdered milk, chipilin, cream, green peppers and mangos. 

According to the results of the seven-day food frequency 

questionnaire, the top 14 vitamin A sources (ranked by 

frequency) were tomatoes, eggs, jocotes, hard cheese, 

bananas, incaparina, carrots, chipilin, green peppers, cream, 

cow's milk, soft cheese, quilete and plantain. 

The sum of all the consumed foods reported from food chain 

questionnaire was significantly associated (rank correlation 

coefficient of .48, p c.OOl) with the averaged retinol 
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equivalent scores derived from the seven-day food frequency 

questionnaire (which were reported in the previous section). 

When the household consumption and the children1s intakes 

were ranked and categorized into quartiles, 48% were in the 

same quartile, 38% were in adjacent quartiles and 8% in 

opposite quartiles. 

Predictors of the Children's Intakes of Vitamin A 

Table 3.11 shows the dietary vitamin A intakes for boys 

versus girls, which were not significantly different 

(t = -1.72, n.s.). 

Table 3.11 Vitamin A Intakes in Retinol Equivalents For 
Girls and Boys 

Variable Vitamin A Intakes (x+S.D.) 

Boys (n=43) 

Girls (n=32) 

285.61+398.42 

185.61+198.70 

In subsequent analyses, average vitamin A intakes for all 

study children in a household is the dependent variable 

(n=50). 

Bivariate Associations with Dietary Intake of Vitamin A 

None of the correlation coefficients among the children's 

daily intakes of total vitamin A, retinol and fl-carotene and 
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their anthropometric measurements, age and parasite burdens 

were statistically significant. 

The number of horses owned by the household was positively 

associated with the children's intakes of B-carotene (r = 

.30, p < .02) while their mother's literacy was negatively 

associated with their intakes of preformed vitamin A (r = -

.26, p = .05) . The children's intakes were not significantly 

associated with the head of household's literacy, the 

mother's number of live births, the family's ownership of 

their dwelling or the land on which it was located, the 

number of rooms within their dwelling, or the number of pigs, 

poultry, goats, dogs or cats owned by the family. 

In this analysis household consumption is represented by 

the sum of the ten sources (which were identified by the 

frequency instrument) over the four observed days (see Table 

3.4). Household consumption was significantly associated 

with children's intakes of total vitamin A, retinol and 6-

carotene (see Table 3.13) . Only the household consumption of 

eggs, Incaparina, chipilin and jocotes were individually 

significantly associated with the children's intakes of 

vitamin A (see Table 3.12). 
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Table 3.12 Significant Associations* (r) Between Children's 
Daily Intakes of Vitamin A and Household 
Consumption of Specific Sources 

Household 
Consumption 

Children's Vitamin 
A Intakes (RE) 

P 

Eggs .41 .002 

Jocotes .33 .01 

Incaparina .27 .03 

Chipilin .24 .05 

* Rank Correlations 

The sum of the same ten sources (again over the four 

observed days) which were purchased was significantly 

associated with total vitamin A, B-carotene, and retinol 

consumption. Those acquired by gathering were significantly 

associated with the children's consumption of B-carotene but 

not with total vitamin A. The items obtained by the other 

methods were not significantly associated with the children's 

intakes. 

The children's intakes of vitamin A were significantly 

associated with the reported age of introduction of the 

foods. The ages of introduction for 22 food items were 

averaged per household. Only the number of sources not 

withheld from the mother while she was breastfeeding was 

associated with the children's intakes. The mother's 
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preference scores were also not associated with the 

children's intakes. 

Table 3.13 Significant Relationships Between the Children's 
Intakes of Vitamin A and Significant Food Chain 
Events (r) 

Household Sum of Sum of Vitamin Mean 
Consumption Gather Purchas A Age of 
of Vitamin ed ed Sources Intro
A Sources Vitamin Vitamin in duc

A A Breast tion 
Sources Sources feeding into 

Mother's Child• 
Diet s Diet 

Total . 52*" .15 .42*" . 38 .29* 
Vitamin 
A Intake 

Retinol .50*" -.15 . 52*" .26 
Intake 

B- .42*" 
_ 

.33 .24* 
#*# 

.41 . 33* 
Carotene 
Intake 

p < . 05 
p < . 01 
p < . 05 

Predictors of Children's Intakes of Vitamin A 

Table 3.14 lists the results when household consumption of 

the ten major foods were forced individually into a stepwise 

regression equation. In this analysis, which examines the 

variation in the children's intakes caused by household 

consumption, jocotes, Incaparina, chipilin and cream were 

found to be significant variables. 
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Table 3.14 Prediction of children's Intakes from the 
Household Consumption of the Ten Major Sources 

Independent 
Variable 

B t P 

Jocotes 125.32 2.81 .01 

Cream 115.55 2.45 .02 

Chipilin 104.51 2.52 .02 

Crab -58.07 -.57 n.s. 

Bananas -7.00 -.19 n. s. 

Tomatoes 20.09 .60 n.s. 

Quilete -131.37 -1.50 n.s. 

Incaparina 60.71 2.28 .03 

Carrot -47.06 -.59 n.s. 

Eggs 33.80 1.01 n.s. 

R Square = .50 

F = 3.96 

p < .001 

The degree to which household consumption, represented by 

the sum of the ten major foods over the four days, predicts 

children's intakes is demonstrated in Tables 3.15 and 3.16. 

Table 3.15 reports the results from the equation using the 

square of the sum of the food item days, which shows the 

relationship between household consumption and children's 

consumption is not linear since the square of the food item 

days was significant while the relationship with the raw 

variable was not. The results from a "spline" regression 
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which employed a "cut-off" point of 11 food item days are 

listed in Table 3.16. Eleven food item days was estimated to 

be a threshold by inspection the plot of household 

consumption and children's intakes. Other values (10 and 12) 

were also tried? eleven resulted in the largest R square. 

When household consumption was fewer than 11 food item days, 

household consumption was not a significant variable, but 

when households had 11 food item days or more household 

consumption became a significant variable in predicting 

children's consumption of vitamin A. 

Table 3.15 Predicting Children's Intakes of Vitamin A from 
the Sum of the Ten Major Sources Consumed by the 
Household 

Independent 
Variable 

B t P 

Household 
Consumption 

-43.41 -1.2 n.s. 

(Household 
Consumption)2 

4.62 2.4 .02 

R Square = .35 

F = 12.71 

p < .001 
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Table 3.16 Predicting Children's Intakes of Vitamin A from 
Household Consumption Using "Spline" Regression 

Independent 
Variable 

B t P 

Household 
Consumption 
(less than 11 
food items) 

13.89 .99 n.s. 

Household 
Consumption 
(11 or more 
food items) 

90.29 2.57 .01 

R Square = .60 

F = 12.96 

p < .001 

The regression equation which employed the sum of the 

foods acquired by each method as the independent variables 

and the children's intakes as the dependent variable is 

summarized in Table 3.17. This analysis also employed only 

the ten major sources identified by the food frequency 

questionnaire. Only purchased and cultivated items were 

significant variables in predicting children's intakes of 

vitamin A. 

To examine the storage of foods, the number of days a 

vitamin A source was stored and then consumed and the number 

of days the same food was consumed directly were forced into 

a regression equation. This was done for each of the ten 
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major sources individually. The storage of cream was the 

only significant storage variable (see Table 3.18). 

Table 3.17 Prediction of Children's Vitamin A Intakes from 
Household Acquisition Methods 

Independent 
Variable 

B fi t P 

Purchased 37.23 .35 2.67 .01 

Cultivated 46.67 .30 2.31 .03 

Gift 54.88 .18 1.36 n.s. 

Gathered 70.38 .22 1.66 n.s. 

Fished 71.50 .05 .37 n.s. 

R Square = .29 

F = 3.56 

p < . 01 

Table 3.18 Predictors of Children's Vitamin A Intakes from 
Storage Variables* 

Variable B t P 

Cream Which Had 
Been Consumed 
Directly 

-.05 -.40 n.s 

Cream Which Had 
Been Stored and 
then Consumed 

.40 2.91 .01 

R Square = .15 

F = 4.30 

p < . 05 
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DISCUSSION 

The food chain patterns in Potrerillos were not complex 

because there were very few vitamin A sources in the 

household diets; and the patterns were often food specific, 

for example jocotes were always eaten raw and Incaparina was 

always purchased. The children's intakes reflected the 

household pattern in that there were very few significant 

sources in their diets. Most of the children in this hamlet 

had inadequate intakes of vitamin A; but, on average, retinol 

comprised more than 40% of their daily intakes. Knowing the 

vitamin A status of these children would have been 

interesting because so many of them were at risk of being 

deficient. However, at the present time the status of these 

children has not been evaluated. 

In this hamlet, the two significant forms of acquisition 

for predicting children's intakes were purchasing and 

cultivating. No preservation techniques to store vitamin A 

sources were practiced, thus storage capabilities could be 

greatly improved in order to increase children's intakes. 

Also, food preferences of the mother did not appear to limit 

consumption of vitamin A sources. Beliefs regarding the 

"hot-cold" properties of foods were very prominent in this 

community but the effects of these beliefs on the children's 



103 

intakes were seen only in the association between children's 

intakes and the diet of the mother while breastfeeding. 

Many of the socioeconomic results were not associated with 

the children's intakes of total vitamin A or 6-carotene which 

was expected since the households were rather homogenous. 

The one variable which was associated with the children1s 

intakes of B-carotene was the ownership of horses. If 

retinol had contributed less of the children's total vitamin 

A, then horse ownership would have been a significant 

predictor and subsequently intakes would have been explained 

somewhat by household's economic resources. Household 

consumption was the best predictor of children's intakes. 

However, household consumption and children's intakes were 

not related in a linear manner but rather in a threshold 

fashion. 

The Study Population Compared to Other populations in 

Guatemala 

Other studies in Guatemala have shown similar 

socioeconomic, health conditions and vitamin A intakes as 

those found in the present study. Results (Population 

Council, 1990) from the 1987 National Survey of Maternal and 

Child Health showed 48.9% of rural Guatemalan women had no 

education and in the community of El Progresso, 68% of the 

mothers were literate (Johnston et al., 1985). In 
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Potrerillos, 70.8% of the mothers were literate which was 

higher than the national figure but about the same as in El 

Progresso. Mothers in the present study had an average of 

4.80 live-births, a little higher than the national average 

for women the same age (4.32) (Population Council, 1990). 

Valverde and associates (1981) described the living 

conditions of Indians working and living on 13 coffee 

plantations located along the mountainous coast in Western 

Guatemala. All the houses, in which the Indians lived, 

belonged to the plantation owners. Forty-eight percent of 

the households had an earthen floor, 36% cement, 4% brick and 

12% mosaic or other materials. In Potrerillos roughly two-

thirds of the houses had strictly dirt floors but most of the 

families owned their homes. Of the Indian families, 88% had 

no latrines; while in Potrerillos, 70% of the families had no 

latrines. All of the Indian families collected their water 

from faucets or fountains, however, this water was found to 

be heavily contaminated with fecal material. The quality of 

the water was not tested in Potrerillos however, but open-air 

defecation was common those families (21.8%) who collected 

their water from a spring or river were likely drinking 

contaminated water. 
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Anthropometric Measurements 

The children's anthropometric measurements which were 

standardized to the NCHS reference population were similar to 

the findings of other studies as can be seen in Tables 4.1 

and 4.2. 

Table 4.1 Percentages of Severely Undernourished Children* 
in Different Guatemalan Communities 

Variable National 
Survey1 

(Rural Areas) 

Guatemala City 
and Two 
Villages2 

Potrerillos 

Ht-for-Age 62.1% 57% 68% 

Wt-for-Age 31% 35% 

Wt-for-Ht 1.3% 3% 4% 

Children with Z-scores (relative to NCHS reference 
population) two or more standard deviation units below the 
standard are considered severely undernourished. 

1 From Population Council, 1990. Includes children 3 to 3 6 
months old. 

2 From Gadomski et al, 1989. Includes children less than 7 
yrs old. 
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Table 4.2 Comparison of the Height-for-Age and Weight-for-
Age Scores* for Boys and Girls From Two Different 
Communities 

Wt-for- Ht-for- Wt-for- Ht-for-
Age Age Age Age 

for Girls for Girls for Boys for Boys 
(x) (x) (x) (x) 

El -1.20 i H
 

t
 00
 

to
 

-1.25 -1.98 
Progresso1 

Potrerillos -1.75 -2.65 -1.44 -2.17 

Z-scores relative to NCHS reference population. 

1 From Johnston et al, 1985. 

Bivariate Predictors of Anthropometric Measurements 

The children1s anthropometric measurements were not 

related to their vitamin A intakes. Some studies (West et 

al., 1988; Muhilal et al., 1988) have shown that children who 

received vitamin A supplements or fortified foods had greater 

growth rates than their counterparts who received no vitamin 

A. The children's weight-for-age and height-for-age were 

positively related to the head of household's literacy and to 

horse ownership. These relationships were rather 

straightforward. Horse ownership represented affluence while 

head's of households literacy translated into a better 

standard of living. Adults, who are literate, have more 

access to information, and thus may be more informed about 

health, hygiene and nutrition than illiterate ones. The 

relationship found between purchased foods and weight-for-
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height implied that households which purchase vitamin A 

sources were vulnerable to acute malnutrition. Perhaps 

households that had to depend upon purchasing were not 

capable of acquiring foods in quantities that satisfied the 

needs of all the household members. 

Parasite Burdens 

The prevalence rate for Aj. lumbricoides found in 

Potrerillos was less than what Aguilar (1981) reported for 

all of Guatemala, while the 5L. trichiura rate was higher than 

that reported by Aguilar. The prevalence rate for A. 

lumbricoides was also less than the 50% reported for 

preschoolers in Amatitlan (Behar et al., 1960) and the 60% in 

Santa Maria Cauque (Gupta and Urrutia, 1982). 

Forrester and Scott (1990) found that individuals with 

heavy parasitic worms infections were clustered in the same 

households in the community of Coatzacoalcos, Mexico. 

According to the authors, this clustering effect was either 

a consequence of genetic disposition of family members, a 

household environment which facilitates transmission of the 

infections or even perhaps both of these factors combined. 

In order to adjust for this household effect, which was also 

found in the community of this study, children's intensities 

were averaged for each household and then compared to other 

household variables. 
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Bivariate Predictors of Parasite Burdens 

The children's parasite burdens were not associated with 

their anthropometric measurements nor their vitamin A 

intakes. Their Ascaris burdens were related, though, to the 

mother's number of live births and the number of dogs owned 

by the household. Their trichuris loads were related to the 

sum of purchased vitamin A sources over four days, home 

ownership, the number of goats and chickens owned by the 

family. Intensity of both parasites was related to the 

number of pigs owned by the household. 

Gupta and Urrutia (1982) found no significant 

improvement in growth after treating Guatemalan children for 

Ascaris. Two other studies have shown a reduced growth rate 

in children with A_s_ lumbricoides infections (Stephenson et 

al., 1980; Willet et al., 1977) and several animal studies, 

involving pigs have also shown that roundworm infection 

resulted in depressed growth (Nesheim, 1989). However, 

Tandon and co-workers (1987) found no relationship between 

Panamanian children's ascaris intensities and anthropometric 

measurements when they controlled for socioeconomic status. 

Animal studies (Nesheim, 1989) have also shown reduced 

food intakes in pigs with an ascaris infection, however there 

are no human studies supporting this observation. 

The children's ascaris intensity was positively related 

to the mother's number of live births, which represented to 
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an extent the number of persons in the household who shared 

the same resources, including sanitation facilities, which 

did not exist in most households. Therefore, open-air 

defecation was practiced. Since infections are transmitted 

by the consumption of eggs excreted by infected individuals, 

having more individuals and thus more excrement in the 

vicinity of the households increases the likelihood of being 

heavily infected. The intensity of infection is dependent 

upon the number of eggs consumed, the number of parasitic 

worms does not increase while in the body, unless, of course, 

more eggs are consumed. 

The negative relationship found between ascaris 

intensities and cultivated vitamin A sources was surprising. 

Perhaps the number of cultivated sources reflected underlying 

socioeconomic variables such as the amount of land owned by 

the family. Infected children often come from families with 

different socioeconomic status than the families of 

uninfected children (Nesheim, 1989). The same explanation, 

that purchased sources reflected socioeconomic variables, 

could be applied to the negative relationship found between 

trichuris intensities and purchased foods. 

The positive relationships between the number of goats 

and chickens and trichuris intensities was also unexpected. 

The life cycles of these worms are not known to utilize these 

animals as hosts; therefore, they would not increase the 
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likelihood of transmission. If the ownership of these 

animals represented socioeconomic status one would assume the 

more animals owned by a family the higher its status would be 

and the less infected the children. This obviously did not 

hold true in. this community. Perhaps more animals in the 

vicinity of the household represented living conditions which 

were generally less sanitary. Larger trichuris infections 

were related to home ownership which seemed contradictory 

since home ownership generally represents a higher economic 

status. However, only four households did not own the 

dwellings in which they lived so this findings was distorted. 

There is mounting evidence, though, that the Ascaris 

species which infects humans and pigs is the same species 

(Anderson, personal communication). Since the mode of 

transmission is the consumption of eggs excreted by an 

infected host, having more infected hosts in one's 

environment would increase the chances of an individual 

becoming infected and having heavy infections. Also there is 

some speculation that the specie which infects dogs may 

destroy the specie which infects humans (Anderson, personal 

communication) and this could explain why owning more dogs 

was related to milder ascaris infections. 
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Vitamin A Intake 

In Amatitlan, the mean vitamin A intakes were found to 

be 108+157, 299±257, 199±266 R.E. (values calculated by 

IU/3.3) for children one to two, two to three and three to 

five years old, respectively (Flores and Garcia, 1960). 

Flores and co-workers (1964) reported that preschool children 

in three Indian villages, Santa Catarina Barahona, Santa 

Maria Cauque and Santa Cruz Balanya, had mean vitamin A 

intakes of 475, 246 and 501 R.E. (values converted from IU) . 

Quan and de Gonzalez (1987) reported mean intakes of 

preschoolers ranging from 125 /xg to 851 nq. The mean intake 

of the preschoolers in Potrerillos was 256+346, and was in 

the range of intakes found in different parts of Guatemala. 

However, the best measure of central tendency was the median 

since the distribution of the intakes was not normal. 

Solomons et al. (1989) reported median intakes of 245, 206 

and 204 R.E. (measured by Quan's food frequency 

questionnaire) for preschoolers in three communities within 

Guatemala City. The median value, 128 /xg, of the intakes in 

Potrerillos was the lowest of the intakes measured by Quan's 

food frequency questionnaire. 

Reliability and Bias of the Food Chain Questionnaire 

There was a very limited number of significant sources 

in the household diets of Potrerillos. Therefore, the 
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results from the reliability test of the food chain 

questionnaire are quite limited since the sample sizes for 

each time frame were small. 

However, the few responses, of use of vitamin A rich 

foods by the food caretakers, were fairly reliable. One of 

the underlying reasons for this perhaps is that there was not 

much variety in their diets. Pietinen et al. (1988) found 

that reproducibility was greatest for food items infrequently 

consumed and those consumed daily. The fairly good 

reliability of the responses suggest that the questionnaire 

would represent individual household's consumption in 

Potrerillos. There also appeared to be little bias in the 

responses for the questionnaire. Because "inaccurate" 

responses did not have a definite trend which would either 

over- or underestimate intakes, this questionnaire would be 

appropriate to examine consumption patterns of the population 

of households in Potrerillos. 

Determining Significant Vitamin A Sources 

In order to develop a diet questionnaire for use in 

California, Haile et al. (1986) selected food items from a 

lengthy diet questionnaire based on three criteria which were 

1) the contribution that a food item made to nutrient intake 

of those individuals who consumed the food, 2) the 

contribution that a food item made to nutrient intake 
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calculated for the whole population, and 3) the effect a food 

item had on the relative ranking of individuals. They found 

these three methods resulted in similar lists of foods. 

For the children in this study only ten vitamin A 

sources were found to be important contributors by methods 

one and two. A questionnaire, designed to determine a 

consumption index for preschool children in Benin, contained 

21 items and a similar instrument designed for preschool 

children in Indonesia contained 15 items (IVACG, 1989). 

These two communities, like Potrerillos, appeared to have a 

limited number of sources. 

However, different vitamin A sources would have been 

obtained by the food frequency, if it had been administered 

during a different seasons. The food chain questionnaire, 

which was administered over several months, identified 

squash, sincuya and mangos as being consumed "frequently" but 

these foods were not identified by the seven-day food 

frequency questionnaire, even though the children consumed 

these sources. Since the food frequency questionnaire did 

not identify these items, they were not used to compare the 

results of the frequency questionnaire to the food chain 

questionnaire. The purpose of this study was to examine the 

influence of food chain activities on the relative intakes of 

children. 
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Predictors of Children's Intakes 

The household consumption of eggs, jocotes, Incaparina 

and chipilin were individually associated with the children's 

intakes of vitamin A. Multivariate analysis additionally 

identified cream as an independent predictor of children's 

intakes. 

In the comparison of the children's intakes to household 

consumption, household consumption was represented by the sum 

of the "food item days" over four days. This value does not 

represent the vitamin A density of these sources, but it does 

reflect the availability of the sources and to an extent the 

diversity of the household diets. In addition, the four days 

which were observed by the food chain questionnaire never 

overlapped the days the children's intakes were observed. 

Even though the same days were not compared, significant 

relationships were found between the two sets of 

observations, which also suggested that the diets in this 

community did not vary much. 

Household consumption of vitamin A sources was found to 

be associated in a threshold fashion with children's intakes 

of vitamin A. When households consumed very few sources of 

vitamin A (less than eleven food item days), household 

consumption did not predict variation in children's intakes. 
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When household consumption equaled eleven food items or more, 

household consumption did predict children's intakes 

(Rz=.60) . 

When household consumption was less than eleven food 

item days, other factors besides household consumption or 

"availability", were determining children's intakes of 

vitamin A. One likely factor would be the distribution of 

foods among family members. Published studies on the intra-

household distribution of vitamin A sources do not exist, but 

there are studies which deal with the distribution of 

calories and nutrients within the household. For three 

different Guatemalan communities, Flores and co-workers 

(1964) compared the calculated individual intakes per family 

with the children's intakes, and they found that in all 

nutrients (macro and micro), children's intakes amounted to 

only 50% of the calculated mean intake for an individual 

within the family. They surmised that children should have 

lower intakes compared to the mean for the family but 50% of 

the consumption seemed excessively low, even if the intakes 

were more or less adequate per individual at the family 

level. These researchers also examined the relationship 

between household consumption of animal protein and 

children's intakes of the same nutrient. They found that when 

household consumption increased, the children's also 

increased but not as greatly as the household's. Even though 
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Flores and co-workers used different methods, they had a 

similar conclusion: within households children did not 

receive their equitable share of the food. 

In the present study vitamin A sources which were 

purchased and home produced significantly predicted variation 

in the children's intakes. These two methods translated into 

roughly equal amounts in the children's intakes. . Home 

production in Potrerillos included produce grown on their 

farms, including fruit trees. Only one family had a "home 

garden" so this was not a significant pathway in this 

community. Solon et al. (1978) found that Philippine 

children's intakes of vitamin A were explained primarily by 

sources that were purchased or grown in "home gardens". They 

also found, as in the present study, sources which were 

obtained by fishing did not contribute much vitamin A to the 

children's diets. Their analysis used food prices instead of 

the number of foods. 

Immink and Sanjur (1981) used the number of different 

foods cultivated by households in rural Puerto Rico to 

predict preschool children's intakes. They found that 

children who lived in homes which grew fruits and vegetables 

had higher intakes of vitamin A. In the same Puerto Rican 

community the average household typically spent 62% of its 

total annual income on food. 
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The gathering of wild greens added two major sources, 

chipilin and quilete, to the children's diets and was 

significantly associated with the children's intakes of B-

carotene. However, gathering did not significantly predict 

children's intakes of total vitamin A. 

Storage was not a very important link in the food chain 

in Potrerillos since there were very few preservation 

practices and refrigeration was not possible. Storage of 

cream was a significant predictor of intake. Cream was not 

processed for storage and there was no refrigeration, so it 

was stored only for short periods of time. When families 

were able to store cream, it was more a reflection of 

purchasing -power since they were able to buy enough cream to 

consume and to store. 

Preference Scores. Beliefs, and Age of Introduction 

The mothers' preference scores showed an extreme liking 

for most of the sources and little variability. Therefore, 

it was not surprising that the scores were not associated 

with intakes. Randall and Sanjur (1981) reported that the 

relationship between women's dislike and non-consumption was 

much stronger than a lika for, and consumption of a 

vegetable. They concluded that food preferences function to 

limit the available food supply for individuals. The results 

from the present study suggested that non-consumption of the 
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vitamin A sources was caused by reasons other than food 

preferences. 

The belief in the "hot-cold" system was very prevalent 

in this community. There was only one mother who reported 

she did not hold these beliefs. However, the results did not 

show an association between the number of vitamin A sources 

which were not withheld and the children's intakes. This 

result seemed somewhat contradictory because these beliefs 

were common in the community but perhaps this finding can be 

explained by the fact the health of the children was not 

known during the administration of the food frequency 

questionnaire. The restrictions on food intake were only 

enforced when children are ill, thus, the influence of the 

restrictions would not be seen in healthy children's diets. 

The positive relationship between the number of foods not 

withheld during breastfeeding was a surprising result. 

Perhaps, the influence on the children's intakes was a by

product of the mothers' food restrictions. The children's 

mothers were primarily responsible for preparing the family's 

food, and many of these mothers (more than half) were 

breastfeeding, consequently, these women would not prepare 

any foods for the rest of the family which they themselves 

could not eat. 

In guidelines set forth by IVACG (1989), carotene-rich 

foods should be introduced by 12 months of age. In 
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Potrerillos, mothers reported introducing eggs, milk, cheese, 

tomatoes, mangos and plantain into their children's diets 

before the children were 12 months old. The first source, 

eggs which is a source of retinol, was introduced at nine 

months. Incaparina, cream, carrots, greens, green peppers, 

papaya, jocotes maranon and zapote were introduced after the 

children were 12 months old. Greens were introduced somewhat 

late and this undoubtedly affected younger children's intakes 

especially since greens were major sources of vitamin A in 

the diets of the children on a population basis. 

Summary and Conclusions 

The preschool children in Potrerillos were clearly at 

risk of being deficient in vitamin A because of inadequate 

intakes. Retinol contributed a fairly large portion of the 

children's daily intakes of vitamin A. Incaparina was 

largely responsible for this; for those children who consumed 

it, it contributed, on average,, more than 200 jug to their 

daily intakes. The diets of the households and the children 

did not have many significant sources of vitamin A. Only ten 

sources contributed, on average, more than 80% of the 

children's intakes. 

Sources of vitamin A which were acquired by methods such 

as fishing, gathering, and receiving as a gift, did not 

significantly predict children's intakes. The majority of 
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vitamin A sources were purchased and cultivated and only 

vitamin A sources acquired by these methods predicted 

children's intakes. 

Horse ownership was associated with higher intakes of 6-

carotene, but not with total vitamin A intake. All of the 

other socioeconomic variables were not associated with the 

children's intakes of vitamin A or B-carotene, which was 

expected since the households were fairly homogenous. 

Vitamin A consumption did not appear to be limited by 

the mothers' food preferences. In Potrerillos, the belief 

regarding the "hot-cold" properties of foods was common. The 

influence of this belief was only observed in the 

relationship between the mother's diet while breastfeeding 

and the children's intakes of vitamin A. More than half the 

mothers were breastfeeding and mothers were usually the food 

caretakers, so their food restrictions during this time would 

probably influence their whole family's diet. 

Programs to improve children's intakes of vitamin A in 

this community, could address several aspects of the food 

chain. One area could be teaching food caretakers 

preservation techniques for storing vitamin A sources; 

another could be educating them about food use during 

illness. 
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The University of Arizona 
Human Subjects Committee 

'690 N Warren (Bldg. 526B1 

Tucson. Arizona 85724 
31 May 1989 

16021 626-6721 or 626-7575 

Clair Zizza 
c/o Gail Harrison, Ph.D. 
Family and Conmunity Medicine 
Arizona Health Sciences Center 

RE: HSC #89-75 THE INFLUENCE OF FOOD CHAIN ACTIVITIES ON RURAL GUATEMALAN 
CONSUMPTION OF VITAMIN A SOURCES 

Dear Ms. Zizza: 

We received your 30 May 1989 letter and accompanying revised consent forms for 
your above cited project. All of the conditions set out in our 24 May 1989 
letter to you have been met. Therefore, approval for this subjects-at-risk 
project is granted effective 31 May 1989. 

The Human Subjects Conmittee has noted the possible enrollment of some research 
subjects at sites other than at the University of Arizona and/or under immediate 
supervision of non University of Arizona personnel. Please be reminded that you 
as the principal Investigator are committed by reason of the Committee's approval 
of this protocol to insure that all basic elements of protection from research 
risks are extended to all subjects wherever located at comnunity sites and 
attended therein by non-University of Arizona personnel. The Institutional 
Review Board is in compliance with the requirements of Part 56 Subchapter D, 
Part 312 of the 21 Code of Federal Regulations published January 27, 1981. 

Approval is granted with the understanding that no changes or additions will be 
made either to the procedures follcwad or to the consent form(s) used (copies of 
which we have on file) without the knowledge and approval of the Human Subjects 
Committee and your College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported to each 
committee. 

A university policy requires tnat all signed subject consent forms be kept in a 
permanent file in an area designated for that purpose by the Department Head or 
comparable authority. This will assure their accessibility in the event that 
university officials require the information and the principal investigator is 
unavailable for some reason. 

Sincerely yours, 

tc-'v a  I*.. 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Conmittee 

MW/ms 

cc: Departmental/College Review Conmittee 
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APPENDIX B 

SEVEN-DAY FOOD FREQUENCY QUESTIONNAIRE 
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CUE5T1ONAR 10* DE FRECUENC1A EN ELCQNSUMO 
DE ALIMESTOS K1C0S EN VITAMINA "A" 

NOMRRE: 

SEXO: F M 
EDAO: 
PROCEOEHC1A: 

FECHAS 
ENTREVISTADOR: 
TIEMPO: 

ALIMENTO P0RC3 ON 7 0 IAS fflcp-ret. 

?Cotae viscerds, hucvos o carnes? 
Si ' Ho 

Hi'eido dt res 1 Ot.. 
Carne de cangreio 1 02 . 

d t *  r t * n  1 O 2 . 
Panr.h de res ) 02. 
Pulradn de res.(bofe) t OZ .. 
Salchicha } U . 
Hu'.vo de 1 1 ina 1 ti . 

tTonu 1eche 7  Si No 
cCorae queao, tnantequilla o creraa? 

Si No 

Leche fluida de vacs (int.) 1 u. 
Leche ineecra en polvo 1 cda. 
Quesc duro de leche Integra (seco) - 1 0 7.. 
Queso blando de leche (fresco) - i o z .  
Cretne espesa 1 cda. 
C r cma r a 1 a  1 cda. 
Manteauilla con sal 1 /2oa. 
Margarina 1/202. • 
01 r o s : 

•TTomo Inc/tparinrt? Si No 
J nc a pa r i na 

tCome verduraa o hierbas? Si No 
Z :t n .1 h o r i a 

1 c  da. 

t u . 
Ch i p i1i n 1 / 2 c % . 
QuiJetfc. mcuy o hicrbfltnoro 1 /2t z  .  

C^mot e I/Air.* 
K  \  +  d o  1/2 t z  .  

E a o j m • c a > l/2ti. 
R#rro 1 /  2  i  z  .  

GUicov sazon 1 / 2 t * . 
Ace lea 1 /2tr-
Puntas v hoiati de cuisQuil l/2t*. 
Cebo 1 lino^cebollitas ). 1 /2C2 . 
Chile pimienco fresco \ / 2 z z .  

Lechuga no arrepo11ada(de1 pais) \ / 2 z z .  

Tomace naduro 1 u . 
Arve las 1 rrla . 
Oc ros : 

iCorae frucas? Si No 
Hanco tnaduro )  u .  

PI ac mo maduro \  f i t  ti . 
Melon 1 r od ai a 
Mandarina reina(ciooarande) l/4u. 1 
Ma r aftdn t o .  
Zapote • • 1 / A u . 
Papaya Madura 1 roda ia 
Mamev 1 /6U .  

Ot ro« . 
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ENTflEVISTAOOR __ 
CARACTERI3TICAS CASERA3 «_ 

PCRIONA ENTREVISTADA : 

JtiFE DE FAMJLIA: OCUPACION: 

CUANTOS OIAS/SEMANA I 

C.XNTIOAO PROOUCIOA: 

L£E : I 

TRASAJA POR SUCUENTAi _OENTRO CI FUERA IT OTRO 

INGRESO: 

O/COSA: 

OBSERVACION: 

SliNDRA-

TiU3AJA POR SU CUENTA:_ 

CUANTOS CHAS/SEMANA:_ 

CANTIOAO PROOUCIOA: 

LEE: E 

N1' OE EMBARAIOS*. _ 

ocupaoon: 

_OENTRO EZI FUERA ZH OTRO:_ 

.INGRESO! 

Q/C03A*. 

OBSERVACION: 

ESTADO ACTUAL • t**DE HUOS VIVOS 

S£XO 

EOAO B B B B B B B B B B B  
E3T4 OANDO PECHO: 
£340 pi: despechar: 

_N°DE VECES AL 01 A:. 

PESO: 

EN ULTIMO ME3 : 

N NOS 
NOMBRE 

ASIENTOS CATARRO SARNA 
WT HT 

6 - GO ME SES 
NOMBRE 

VECES OIAS VCCES OIAS VECES OIAS 
WT HT 

1 
WhSES 

2 • 

3 -

4 

5 " 

6 

7 « 

8 -

COCINA: 

StPARAOA 

COMAL 

OLLA 

SARTENES 

TlNAJA 

JARRILLA 

POCILLO 

SEP VIDORES 

PLATOS 

OTfiOS: 

SI 

en 

en n 
• n 

t=3 ETJ 

-• 

ESTUFA 
COMBUSTIBLE 

ACUA 

OTROS: 

CI L 
-Q EZI 

v. 



i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

4  4 3  3  m  n  f  2  SIS o  • 5  

1
 

5  s  5  

ii 
s  

»« 

i 
i 

o  i  •  * -i. »I * i t* - > r 
s 
m 
SK 
-* 
o  
I* 

i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

i 

M  

i  
* 
I 
e. 
S' 

• 9  
> : 1  

3 

E a 
s 

| 

i 
5 

B 

\ I 1 
1 
3 

• 

5 
s 

P  
* 
T  
t 
w 
? r 

m  r  
m  
© O 

r>  
r  r t  H  n  

ii 
s  

»« 

i 
i 

Is 
IS  

E '8 
"5 
e s  
2 I 5 
n 

n  o  c  t  n  n 11? 
• •  1  9  O|0  
3 in 

Mrs 
|8l 

R  

S  

g  

I t  

i !  

{ 

> r 
s 
m 
SK 
-* 
o  
I* 

i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

i  i  I  !  !  1  ;  i  i  i  •  i  i  uocoue  |  

*> 
D 
O 

O 
o  
s  

i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

) 
i  

I  !  ;  i  1 i  i  COMPRAnoj 

*> 
D 
O 

O 
o  
s  

i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

1  
1  

i  
i  

l  i  
l  i  i  i  M  i  ! 1 . • | | 6AHTI0A0 

*> 
D 
O 

O 
o  
s  

i ' 8 
1 : ! S 

'  '  l  
</» 

• i !  
:  1 ! 

:  i  1  

1 I  
i  

1 
f  

1  
I  i  j i  i  i  1  ;  :  

HtKCia 
*> 
D 
O 

O 
o  
s  

i 

I 

1 

1 
1  

i ! ! 
i  1 
| ! 

CUAHDO i 

*> 
D 
O 

O 
o  
s  

i 

I 

| | 1 I  i RBCOUECTADO 

*> 
D 
O 

O 
o  
s  

i 

I 

| | I 1 1  !  i  OULTIVADO 

*> 
D 
O 

O 
o  
s  

i 

I I  1 1  i  i  smite»M9to 

*> 
D 
O 

O 
o  
s  

i 

I 
! { 1  i  1 !  fttMLADOj 

*> 
D 
O 

O 
o  
s  

i  

1 

LO VKRCtl 

*> 
D 
O 

O 
o  
s  

i  

1 

onuoo 

•o 9  
PI 
2  
» 
o  
o  
z  

i  

1 i i i ! i UAOURO [ 

•o 9  
PI 
2  
» 
o  
o  
z  

1 i 1 cocteo | 

•o 9  
PI 
2  
» 
o  
o  
z  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

i  i  •  i  ABAOO 
•o 9  
PI 
2  
» 
o  
o  
z  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

raiTo ; •o 9  
PI 
2  
» 
o  
o  
z  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

o  » K  » 
n  
• *  
m  
a  

f  

•o 9  
PI 
2  
» 
o  
o  
z  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

M M !  j  • o 

> p-
s 
*» 
o m 
2 > 
E 
ra 
2 •4 
e  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

1  1! 

j !  
• i  

i ! 

1 
J 
I  

I 1 
! 

If 
H 

> p-
s 
*» 
o m 
2 > 
E 
ra 
2 •4 
e  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

i  
t  |  

l  

o 

n j  
53  1 
gS . 
c: 

> p-
s 
*» 
o m 
2 > 
E 
ra 
2 •4 
e  

1 

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

OBTUIUL ! 2 

1 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

i i OTC09 

2 

1 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

1 ! p&RKzrra DM 

2 

1 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

n  
o  
>  
o 

2 
21 
O 
u 

O 
o  
u 
•4 
C 
S  
s 
o 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

AtefTTOt 

2 
21 
O 
u 

O 
o  
u 
•4 
C 
S  
s 
o 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

i  
j ' QATARftO 

2 
21 
O 
u 

O 
o  
u 
•4 
C 
S  
s 
o 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

1  I  i  i  UBAAAt £ 
M 
» m u  

O 
o  
u 
•4 
C 
S  
s 
o 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 

pbcho 
£ 
M 
» m u  

O 
o  
u 
•4 
C 
S  
s 
o 

1  

j 
i 
i  

i  
i  
i  

i  

! 

M  
i  i  

i  i  
i  i  
\ : 

I  I  

i i  

i  ;  

I  1 II j  1  1  l 1 1 nruc. 

£ 
M 
» m u  

O 
o  
u 
•4 
C 
S  
s 
o 

LZT 



APPENDIX D 

STANDARD OF LIVING QUESTIONNAIRE 



- ; FORMULARIO II DE CONOIClONES OE LA VIVIENDA 

COMUNID AD-II-.LZ1.\ FAMILIAR - : INFORMANTS : ; GUATEMALA, /L>~ * 

1 IESTA LA VJVIENOA EN SITIO 
PROPIO ? 

0* NO [~] 
l » S I  '  C T  
2"OTRO.ESPECIFICAR: 1 1 

Z |ES LA V1V1EHQA PR0P1A ? 

0- NO • 
i* si Z) 
2 • OTRO.ESPECFICAR: T] 

JJELPISO ES DE: 

I" TIERRA DQ 
2= LADRILLO 0 BARRO • 
3» TORTA OE CEUEHTO LJ 
4= MOSAICO f~1 
•3 "MADERA • 
6 « LADRILLO OE CEMENTO • 
7' OTRO.ESPeCinQUE ' n 

5 |EL TECMOES OE: 

1= PAJA.PALMAO SIMILAR £3 
2" TEJADE BARRO. EH 
3 s LAMINA GALVAWZADA fy 

TERRAZA Q 

6 |LAS PAaEDES SON DE: 

l«CAHAO MATERIAL SMO.AR ^ 
2 ' BAJAREQUE SIMPLE r 1 
3* BAJAREQUE REPELLAOO CZ2 
4 s ADOBE SIMPLE PC 
3* ADOBE REPELLADO GT" 
©•MADERA-LEPA | 
7 * LADRILLO 0 BLOCK C 
0» OTRO.ESPECIFICAR: CZ 

JJELPISO ES DE: 

I" TIERRA DQ 
2= LADRILLO 0 BARRO • 
3» TORTA OE CEUEHTO LJ 
4= MOSAICO f~1 
•3 "MADERA • 
6 « LADRILLO OE CEMENTO • 
7' OTRO.ESPeCinQUE ' n r-. , 

6 |LAS PAaEDES SON DE: 

l«CAHAO MATERIAL SMO.AR ^ 
2 ' BAJAREQUE SIMPLE r 1 
3* BAJAREQUE REPELLAOO CZ2 
4 s ADOBE SIMPLE PC 
3* ADOBE REPELLADO GT" 
©•MADERA-LEPA | 
7 * LADRILLO 0 BLOCK C 
0» OTRO.ESPECIFICAR: CZ 

3 I NUMERO TOTAL OE CUARTOS ? 

JJELPISO ES DE: 

I" TIERRA DQ 
2= LADRILLO 0 BARRO • 
3» TORTA OE CEUEHTO LJ 
4= MOSAICO f~1 
•3 "MADERA • 
6 « LADRILLO OE CEMENTO • 
7' OTRO.ESPeCinQUE ' n r-. , 

6 |LAS PAaEDES SON DE: 

l«CAHAO MATERIAL SMO.AR ^ 
2 ' BAJAREQUE SIMPLE r 1 
3* BAJAREQUE REPELLAOO CZ2 
4 s ADOBE SIMPLE PC 
3* ADOBE REPELLADO GT" 
©•MADERA-LEPA | 
7 * LADRILLO 0 BLOCK C 
0» OTRO.ESPECIFICAR: CZ 

B3  

JJELPISO ES DE: 

I" TIERRA DQ 
2= LADRILLO 0 BARRO • 
3» TORTA OE CEUEHTO LJ 
4= MOSAICO f~1 
•3 "MADERA • 
6 « LADRILLO OE CEMENTO • 
7' OTRO.ESPeCinQUE ' n 

6 |LAS PAaEDES SON DE: 

l«CAHAO MATERIAL SMO.AR ^ 
2 ' BAJAREQUE SIMPLE r 1 
3* BAJAREQUE REPELLAOO CZ2 
4 s ADOBE SIMPLE PC 
3* ADOBE REPELLADO GT" 
©•MADERA-LEPA | 
7 * LADRILLO 0 BLOCK C 
0» OTRO.ESPECIFICAR: CZ 

B3  B3  

7 lUBICACIONDE LA CQCINAt 

0= NOHAY 1 i 
1* EN EL DORMITORIO • 
2 =EN LA CASA, INFORMAL • 

3= SEPARADA • 

4 = EM LA CAS A, FORMAL E) 

jijFCHUA DE COCINAR 

1 « EN EL SUaO • 
2 « POTO INFORMAL • 

3 * POYO FORMAL G] 
4 = ESTUFA DE KEROSENE-GAS fl 

3* ESTUFA/OAS PROPANO l~l 
6 s ESTUFA ELECTR1CA [H 
7s OTRO.ESPECIFICAR: | ! 

9 IHAY ELECTRICIDAD EN LA 
— VIVIENDA ? 

0= NO (ZD 

M S .  p  

2 s OTRO.ESPECIFICAR: iZl 

lollNSTALACIQN SANITARIA* 

0= NO HAY 1 1 

. 1 = EXCUSAEO 0 POZO • 

2 • LETRINA 
3MHODORO 1 
4 s OTRO. ES P E C I F 1 C A R :  PI  

11 jORENAJE D£ AGUAS SERV10AS : 

1 « A FLOR 0£ TIERRA 7,7: 

z • POZO CI EGO 
3 • ALCANTARILLADO f ~  
4 * OTRO,ESPEOFICAR: [ 

jijFCHUA DE COCINAR 

1 « EN EL SUaO • 
2 « POTO INFORMAL • 

3 * POYO FORMAL G] 
4 = ESTUFA DE KEROSENE-GAS fl 

3* ESTUFA/OAS PROPANO l~l 
6 s ESTUFA ELECTR1CA [H 
7s OTRO.ESPECIFICAR: | ! 

i'i - • -ic nrit,-.,. /,•£ 

121ABASTECIMIENTO OE AQUA: 

1 * MANANTIAL.RIOOLAGO • 
2 • P1LA 0 CHORRO PUBLICO C 
S« POZOEN VJVlENDAoVECWOAD j~ 

4  * RED PU6UCA ENCASAO SfTIQ E 

5 • OTRO. ESPEOFICAR: 1 

131 QUE MACE CON LA BASURA ? 

1« BOTAN EN LOS AUSJEDORES f~l 

2 * QUEMAN n 
3 « ENTIERRAN [~j 

4 * CJRA.ESFECIFICAR: fTl 

r4]TIENE LOS SIGUIENTES ENURES ? 

0 * HO RADIO [ 2 ]  
1 • SI TOCADISCOS ( | 

TOCA CASSETES j 1 
TELEVISION f l  
RADtO'ORABAOORA f71 

I 5 | TIENE AVES DE CORRAL 7 

0« NO 1  1 

l» SI.ESPECIFICARESPSaEY ' JZ3 
NUMERO: 5 tn//oJ, 2, <T~i-

P-'/J * i/'~ '/ 

lelriENEOTROS AN1UALES DOMES -
—'TICOS 7 

O - N O  •  
1 • Si.ESPEanCAR: \T\ 
¥ 3 r*iA,x ,/ 

C£&z//o / 

121ABASTECIMIENTO OE AQUA: 

1 * MANANTIAL.RIOOLAGO • 
2 • P1LA 0 CHORRO PUBLICO C 
S« POZOEN VJVlENDAoVECWOAD j~ 

4  * RED PU6UCA ENCASAO SfTIQ E 

5 • OTRO. ESPEOFICAR: 1 & .r/nca rum oUfln 

r4]TIENE LOS SIGUIENTES ENURES ? 

0 * HO RADIO [ 2 ]  
1 • SI TOCADISCOS ( | 

TOCA CASSETES j 1 
TELEVISION f l  
RADtO'ORABAOORA f71 PONDS PERMAlECEHPOa EL CIA j>£r? DOf®ePERMANECENPORELpU P 

r4]TIENE LOS SIGUIENTES ENURES ? 

0 * HO RADIO [ 2 ]  
1 • SI TOCADISCOS ( | 

TOCA CASSETES j 1 
TELEVISION f l  
RADtO'ORABAOORA f71 

r4]TIENE LOS SIGUIENTES ENURES ? 

0 * HO RADIO [ 2 ]  
1 • SI TOCADISCOS ( | 

TOCA CASSETES j 1 
TELEVISION f l  
RADtO'ORABAOORA f71 

r4]TIENE LOS SIGUIENTES ENURES ? 

0 * HO RADIO [ 2 ]  
1 • SI TOCADISCOS ( | 

TOCA CASSETES j 1 
TELEVISION f l  
RADtO'ORABAOORA f71 

tQrr&f 
OTBAS OBSERVACIONES:/ 5  1  PoS f t h- M 
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