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ABSTRACT

Based on .a cross-sectional sample of 198 Saudi Arab children 

aged 0 to 60 months attending the ARAMCO Hospital, percentiles for 

weight-, height, arm circumference, skin fold thickness, and head circum

ference were compared to that of standards from the United States. 

Percentiles of weight and height of the sample were compared to a Saudi 

standard used at ARAMCO Hospital. It was found that the percentiles of 

the sample were above the Saudi standard except in case of height for 

females. When compared to the■NCHS (National Center for Health 

Statistics) standards for weight and height, it was found that the per

centiles of the American standard were above the percentiles of the 

Saudi sample except in the first few months where they were close to 

each other. But when the percentiles of arm circumference and skin fold 

thickness of the sample were compared to the Ten States standard, the 

American percentiles were above the sample percentiles and parallel to 

them. The results indicate that severe malnutrition was present when 

measured by MA/HC index (1.9%), but it did not exist when measured by 

Gomez index. Marginal malnutrition was high (50.9%) when measured by 

MA/HC, but it was less (35.4%) when measured by Gomez index. Further

more, the data suggest that male children were better off than the 

females, though the difference was not significant when tested by Chi 

square test. Also, there was a significant difference between children 

over 30 months and children below 30 months to the advantage of the

x



younger ones. Children who were fed regularly were in a better nutri

tional status than those who had irregular meal patterns.



CHAPTER I

INTRODUCTION AND PURPOSE‘

Introduction

One of the most important health problems affecting the pre

school child is malnutrition. In the first five years of life, a child 

is totally dependent upon food supplied by others. Growth and develop

ment are affected by biological, cultural, and environmental factors.

The biological determinants include sex, intrauterine environment, 

birth order, birth weight, parental.jslzie., and genetic constitution. 

Cultural factors include customs affecting acceptance or rejection of 

available foods. Environmental influences are the amount and rtype of 

food, infectious diseases, parasites, and psychological illnesses. On 

a worldwide basis, malnutrition appears to be the most vital deterent 

to growth (1) .

Purpose

The nature of the present study is exploratory. The main 

objective was to determine the nutritional status of the Saudi Arab 

children attending the Maternal Child Health Clinic at Arabian American 

Oil Company'(ARAMCO) Hospital in Dhahran, Saudi Arabia. Another 

objective was to explore the effects of various socioeconomic factors 

and feeding patterns on growth of these children. These factors include 

sex, ethnic grouping, feeding of the infants (breast, bottle fed, or 

both) , duration of breast feeding, and the age at which solid food was



introduced. Another factor which was explored was the impact of regular 

meals versus a non-regular eating pattern. Regular meals here are 

defined to be three meals per day for older and more often for infants. 

The non-regular meal pattern is defined as feeding the child whenever 

he is hungry. Other factors which were investigated included income of 

the family, education and age of the mother, and number and spacing of 

children in the family.

The study was undertaken at the ARAMCO Hospital because of the 

easy access to children and mothers and the availability of good records 

from which exact birth weight, birth date, birth length, and birth head 

circumference could be obtained. Another reason was the presence of a 

large number of children who are from low-middle socioeconomic class.

The family income of this group ranged between $450-1700 (U. ;S.) per 

month. The other good private hospitals in the area are usually 

attended by the well-to-do who were less suitable - for this study.

Also, the cooperation and help of the hospital administration was a 

determining factor in selecting this hospital.



CHAPTER II

BACKGROUND AND REVIEW OF LITERATURE 

Background

The Kingdom of Saudi Arabia occupies about three-fourths of the 

Arabian Peninsula. Saudi Arabia is largely a low latitude desert with 

a predominantly dry climate in the interior and a hot and humid climate 

along the coastal plains. The total area is about 2,150,000 square 

kilometers (2), and the population is estimated to be seven million (3).

Saudi Arabia is divided into provinces; the largest of these are 

the Central Province covering the central plateau and including the 

administrative capital, Riyadh; and the Western Province along the Red 

Sea and including the holy cities, Mecca and Medina and the sea port 

Jidda; and the Eastern Province along the Arabian-Persian Gulf 

(Appendix A)

..... The major districts of the Eastern Province are the Oases of

Al-Hasa and Qatif, and the district of Dharan in which the headquarters 

of the Arabian American Oil Company. (ARAMCO) are located. The popula

tion of the Eastern Province was estimated in 1974 to be 770,000 (3).

The capital of the Province, Dammam, is a major sea port on the Arabian 

Gulf and its population is around 128,000. Dammam is 20 kilometers 

north of Dhahran. Qatif oasis and its villages are 20 kilometers from 

Dammam and the population is about 130,000 (3). It is famous for its 

production of dates and for fishing. Most of the inhabitants are



Shitte. (There are two major sects in Islam: Sunnite and Shiite.) Ten

kilometers to the east of Dharan is the trade center of Al~Khobar with 

a population of 50,000. Between Dharan and Al-Khobar lies the small 

town of Thuqba with a population of 30,000 (3) . Most of these people

are Bedouins who have settled to work for ARAMCO or work as petty

traders linking the peasants in Qatif oasis with the consumers in Al-

Khobar and Thuqba. Thus, Thuqba is a center for selling dates, vege

tables, and fish brought from Qatif. The majority of residents of 

Dammam and Al-Khobar are usually at an economic and educational 

advantage over the oasis and Thuqba people.

; In the Eastern Province, the most important crops are dates,

wheat, barley, and alfalfa. Among the cultivated vegetables are squash, 

eggplant, okra, tomatoes, lettuce, cabbages, carrots, onions, pepper, 

and potatoes. Fruits grown are citrus, grapes, and several varieties 

of melons (4,5).

According to the census of 1975, the supply of meat in the 

Eastern Province was 60% imported and the remaining 40% was local. Of 

the total supply, 47.8% was camel meat, 10.9% was beef, 22.4% was lamb 

meat, and 14% was goat meat. The annual supply of red meat amounts to

49.000.000 kg (6). It is important to note that many well-to-do people 

buy livestock and have them slaughtered for their use without being 

accounted for in this estimation. In 1976, the production of eggs was

72.000.000 and the production of chickens was 2,000,000 (7). Amount of 

fish had not been estimated though it is a popular food item in this 

region. From these figures, we can estimate the per capita supply of 

animal protein for the Eastern Province to be about 36 gm per day. This



figure does not take into abcount the other sources of protein such as 

fish and lentils. According to the World Health Organization, total 

per capita supply of protein, in 1976, is about 62 gm per day (8).

Also, according to the same source, the per capital energy supply is 

2270 kcal or 94% of the estimated requirement. However, the supply of 

energy, and protein should be in excess of the requirements to allow for 

maldistribution and waste.

The Ministry of Education is trying to alleviate the problem of 

malnutrition among the school children by.supplying a nutritious meal 

to 93,000 male students who compose the student body in 231 elementary 

schools and 90 junior schools in the Eastern Province at lunch time (9). 

(Education of girls is under a different ministry than that of boys.) 

Whether the program is successful or not is still to be determined.

This meal consists of: 60 gm of biscuit, plain or stuffed with figs;

28 gm of cheese; 30 gm of raisins; 180 gm of fruit juice; and 60 gm of 

milk candy.

The Ministry of Education has made a contract with a commercial 

company to provide the students with this meal. The company is 

required to prepare and send the meals to schools daily from central 

stores in the area. In some cases, if there is a proper .vs tor age place 

in the school, the company could use it for storing certain amounts of 

the above mentioned meals on condition that the storing time does not 

exceed two weeks in the villages and one week in the cities. The 

storage areas and the employees are subject to inspection by the 

Ministry of Education health inspectors.
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The basic diet of people in the Eastern Province consists of a 

staple which is rice or bread with some meat. The quantity of meat 

varies according to the economic status and the number of the family 

members. In questioning the mothers in this .survey, it was estimated 

that the average consumption of meat, chicken, or fish was about 98 gm 
per person per day. The minimum was estimated to be 25 gm and the 

maximum was estimated to be 250 gm. Vegetables such as zucchini, okra, 

eggplants, tomatoes, and squash are mixed and cooked with cubes of meat, 

local spices, and tomato sauce. The result is a soup-like dish called 

"salona" or "marka." This kind of food is consumed twice a week; most 

of the time it depends on the like or the dislike of the father. • This 

dish is served with plain rice or flat Arabic bread made from white 

flour. The diet consists of three meals: the main one is at lunch time.

Consumption of milk is low and it is either powdered milk .or ..-condensed 

evaporated milk mixed with tea. Some people own a source of fresh milk 

such a cow or a goat. Butter cultured milk (laban) is consumed more 

often than milk. Consumption of dates is high and they are consumed 

fresh in summer and dry in winter with unsweetened coffee. Consumption 

of fruits is occasional and depends on the income of the family, avail

ability of fruits in the market, and their price. It is a local custom 

for the family members to eat from a common bowl. In this- type of meal 

pattern, young children are liable to receive proportionally much less 

than older siblings and parents. As their requirements are relatively 

greater because they are growing, this deficit in calories and protein 

leads to a slowing down of their growth. Though this custom of eating



from a common bowl is declining, it still prevails especially among 

middle-low socioeconomic groups..

All food has, traditionally, been viewed as beneficial except 

.pork meat and alcohol which are forbidden by Islamic law. However, some 

people believe that consumption of fish and the fermented milk "laban" 

at the- same time will upset the stomach. Some mothers, particularly the 

older generation, believe that meat causes diarrhea in young children 

and consequently they try to limit the child's consumption of meat. 

Diarrhea and other infectious diseases such as measles and whooping 

cough are health problems in the country, but some mothers believe that 

diarrhea is associated with the eruption of the child's teeth and not a 

result of infection and unsanitary conditions.

Literature Review

Nutritional Status in Saudi Arabia

In 1962, Dr. Bhagavan studied the incidence of anemia among 

pregnant wives of ARAMCO general employees. The result showed.that 

anemia was present in approximately 75% of the 36 pregnant Saudi Arab 

females on their first visit to the ARAMCO clinic for that particular 

pregnancy (10).

Another study was undertaken in 1963 at the AlHKhobar Government 

Hospital to determine the nutritional status of Saudi Arab women who are 

not affiliated with ARAMCO. The 63 patients had all attended the clinic 

because of illness. It was found that anemia was a significant problem, 

but.its type and etiology is not known. Hemoglobin values ranged from 

5.2 to 15.5 gm per 100 ml and the average was 10.3 gm per 100 ml. The



average for 15 pregnant women was 8.8 gm per 100 ml. Thirty-one per

cent said that they had had treatment for worms or had seen them in *

their stools. Clinical evidence of vitamin deficiency was found in 36%

of the cases as evidenced by angular lesions of the .mouth. Ninety-two 

per cent were illiterate, fifty-three per cent had had abortion(s) , 

still birth(s), or children who died during infancy. The average weight 

for 48 non-pregnant women was 106 lbs, and the average weight for 

pregnant women was 109 lbs. The average height was 60 inches. Their 

diet was very poor; breakfast consisted of tea with little milk and 

bread; lunch consisted of rice and little meat which means one pound . * 

for 3-4 people (11).

An attempt was made during 1964 to determine the nutritional 

status of 105 children between 0-4 years of age. The sample was drawn 

from children attending the Government Hospital of Al-Khobar which is 

attended by a very low income group. According to their appearance and 

the physical examination, they were classified into 2.8% marked, 14.3% 

moderate, and 34.3% mild protein energy malnutrition. Eighty-nine per 

cent of the malnourished children were in the age group 11-48 months. 

Seventy-three per cent had hemoglobin below 10 gm per 100 ml and the 

average hemoglobin level was 8.6 gm per 100 ml. The average age of 

weaning was 17.7 months. Twenty-five per cent of the infants were 

given solid foods at 7-11 months and 64% were having solid foods by 

12-14 months. Clinical rickets was seen in 7.8% of the patients. All 

except two of these children had come to the clinic because of illness. 

The major complaint was diarrhea (40%) (12).
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1In the Eastern Province of Saudi Arabia kwashiorkor accounted 

for 17% of admissions to hospitals in 1958, but the proportion had 

fallen to less than 2% by 1963 (13). Also, according to the pediatri

cians in the area, one case of severe form of malnutrition would be seen 

every two months; usually these cases are associated with diarrhea.

In 1967 a study of perinatal and infant mortality rate, in the - 

main three clinics run by ARAMCQ, was carried out by Dr. P. John. The• 

patients are dependents of APAMCO general employees. The result showed 

that the perinatal rate was 30 per 1000 live births. The mortality rater 

for infants under 7 days was 7 per 1000; for fin f ants; between 7 and 27- 

days it was 4.4 per 1000 infants; and for infants between 28 days and 

one year it was 15.8 per 1000 infants; which makes the total death rate 

for infants 27.2 per 1000 infants. The leading causes of death were- 

anoxia in case of the perinatal period and infection in infancy (14).'
According to WHO figures in 1978, infant mortality rate for 

Saudi Arabia was 152 per 1000 live births, death rate was 19 per 1000, 

birth rate was 49 per 1000, life expectancy at birth was 45 years, and 

population growth was 3%. The per capita gross national product was 

$2,480 (U.S.) (15). In 19 76 population growth rate was reported to be

2.4% and food production was 2.9% (8).

In 1969, a study was done on the iron status of 500 children 

who were dependents of ARAMCO employees attending the Maternal Child ■ 

Health Clinic run by ARAMCO; i.e., tlig samg clinic in which this study

1. - A nutritional disease of infants and children associated 
with a heavy corn diet and the resultant lack of protein, and 
characterized by edema, potbelly, and changes in skin pigmentation. .
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was done. Among these children, 39% were found to be anemic, which was 

defined to-be those who have hemoglobin below 10 gm per 100 ml of whole 

blood.' Further diagnosis indicated that 98% of these anemic children 

have iron deficiency. Also, it was found that there was a significant 

difference in the prevalence of iron deficiency anemia between those of 

Sunnite and Shiite sects. The increased frequency of iron deficiency 

anemia among the Shiite children correlates- with the lower iron 

content of the diet of"the‘Shiite families, as compared with Sunnite . * 

fammilies (16). . . . .

The Saudi Arab Shiite have been shown to have sickle cell anemia 

with relatively mild manifestations such as mild musculo-skeletal pain 

and slight morphological changes in the stained blood film. The

explanation for the mild effects of the disease is the presence of large

amounts of fetal hemoglobin persisting into adult life (17, 18, 19) .

The same disease with its mild effects and the presence of fetal hemo

globin which was about 20% was seen in Kuwait (19). It. has been shown 

that there was much less risk to pregnancy than that in Black Americans. 

The rate of. blood transfusions, 14 out of * 46 pregnancies (17), was much 

less than the 34 out of 49 pregnancies reported for Black Americans „ (20) . 

The maternal mortality rate and the fetal mortality rate were much 

greater in Black Americans. Maternal death for Black Americans was 

reported in one study to be 2.5 per 1000 (20) and in another study, it

was reported to be 6 per 1000 (21), while maternal death for the

Shiite Arab women was 0 per 1000. (17). Abortion for the Shiite Arab
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women was 10.9 per 1000 (17) and for the Black American women was 13.3 

per 1000 (20) and 15.5 per 1000 (21).

In 1961-1967, data of weight and height were collected for 

healthy normal children at the MCE clinic at ARAMCO Hospital. The 50th 

percentiles of the Saudi children were plotted against the 50th per

centile of Boston standard. The 50th percentile of the Saudi standard 

for boys for weight for age was below the 50th percentile of Boston 

standard and it was close to the 50th percentile of Boston standard at

the first six months when it declined until it crossed the third per

centile of Boston standard at 5-1/2 years of age (see Appendix D) . The 

same relationship existed between the 50th percentile of the Saudi 

standard for weight and age for girls and the 50th percentile of Boston 

standard with the difference that the decline of the Saudi 50th per

centile for girls started at an early age of three months.

The 50th percentile of the Saudi standard for height for age 

was below the 50th percentile of Boston standard but close to it until 

nine months or age for boys and three months for girls. The curve then 

. declined until it touched the third percentile of Boston standard at 30 

months of age for boys and 48 months of age for girls (see Appendix D).

Factors Associated with Preschool 
Child Malnutrition

All of the developing countries of the world have several common 

characteristics which include high incidence of low birth weight, high 

rates of infectious diseases, and elevated mortality rates, particularly 

during infancy and early childhood. Among the most serious nutritional 

diseases prevailing in many areas of the world are the protein energy



malnutrition (PEM) diseases, kwashiorkor and marasmus. Kwashiorkor is 

associated with low protein consumption, affecting the age group 1-3 

years, mainly in the tropical countries aggravated by infections. 

Nutritional marasmus affects primarily babies under one year who 

exhibit extreme muscle wastage, loss of subcutaneous fat, and very low 

body weight and is equally widespread in the developing world. In 

1974, it was estimated that more than two-thirds of 800 million children 

in the developing world were severely sick or disabled by malnutri

tion (22) .

The factors that cause malnutrition are many and they interact 

and aggravate each other. The young child is vulnerable, since he must 

meet the energy cost of growth, and also has a higher protein and energy

requirement per unit of body size than adults, at a stage of life when

he is incapable of providing himself with food even if it is, available

(23) . Children are affected by the availability of food, the ability to

purchase it, inadequate knowledge of child feeding during weaning, un

sanitary conditions, personal hygiene, and the social cultural beliefs 

and taboos that inhibit the consumption of the available food. In 1977 

Katona discussed the sociocultural attitudes related to food of low 

income populations in Tamiland in India. All respondents were of very 

low income group where the total income was less than $26 per month.

All women were either pregnant, lactating, or were the mothers of pre

school children. The basic diet was rice or millet; more often it was 

millet because it is cheaper. In addition to this bad situation, they 

have some taboos and beliefs that .have negative nutritional effects on 

the lactating women and infants. One example of these beliefs is that



a mother should not eat eggs, potatoes, and guava otherwise her infant 

will have fits which may lead to a fatal condition- Also, the post

partum mother should not eat vegetables because the uterus would take 

a long time to heal (24) . In a recent study (1976) , it has been shown 

that the influence of culturally imposed taboos and restrictions on food 

and of continued work during pregnancy and lactation further aggravate 

the problem of malnutrition in women in the developing world (25) . In 

Angola, eggs are taboo for many women and girls (26). In Malaysia, a 

postpartum woman should avoid "cold" food such; as fruits and vege

tables (27) .

Dietary deficiency can curtail growth. Infection has the same 

effect; if a child is both malnourished and suffering from an infection, 

which is frequent in the developing countries, it is expected that the 

overall effect on growth will be considerable. Mata and coworkers have 

done extensive work (1964, 1971, 1972, 1976, 1977) in establishing the 

link between nutritional status of children and the infectious diseases 

they are subject to. He demonstrated by longitudinal studies in 

Guatemalan villages that weight faltering and weight loss were closely 

associated with infectious diseases (28, 29, 30). The villages studied 

have characteristics such as low literacy level, low^per capita income, 

high birth rate, deficient environmental sanitation, scarcity of water, 

and deficient diet. They found that infection and morbidity were 

extremely high during the weaning period (6-24 months) and that in

fection was a precipitating factor of severe malnutrition and death.

In some cases, deficit was not in the protein intake but in the calorie
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intake and that infection causes anorexia and a marked reduction in the 

amount of kind of food consumed (29, 30, 31).

In other studies, the diet was found to be deficient in quantity 

and quality of protein and is derived from corn which has low biological 

value (29, 30, 32). Some of these studies show that 43-50% of the 

babies were born with high immunoglobin (igm) in cord blood which 

indicates production of antibody by the fetus. (29, 32). Also, the 

results showed low birth weight due to poor dietary intake of the mother 

and also due to intrauterine infection (29, 32) . Most children depart 

from standard growth curve (ibwa standard) .tat 3-4 months of life which 

marked the beginning of weaning with the introduction of inadequate, 

poor dietary supplements (29, 30, 32). Growth improved in the third

year of life, but at this age all children were below the 16th per-
1centile of the standard (Iowa standard) (29). Adequate growth during 

the first 3-5 months was attributed to breast feeding and to the pro

tection against infection by specific antibodies present in colostrum 

and milk (29, 30). Diarrhea increased with weaning to reach maximum 

peaks at the time of weaning (30, 33) . The effect of typhoid fever and 

gastroenteritis has been observed in some of the earliest studies. A 

loss of 100 g of nitrogen, which is equivalent to 3.2 g muscle tissue, 

was experienced by a patient with typhoid fever. In diarrhea, nitrogen 

absorption was reduced from 90% to 75% and in one case 27% (31) . 

Tuberculosis induced nutritional defects by the increase in nitrogen 

excretion and the decrease in the intake of food associated with active 

tuberculosis (31). Parasitic infections interfere directly with protein 

utilization and nitrogen absorption and induce PEM (31). The



combination of malnutrition and infection is responsible for the death 

in infancy of countless children each year. In a longitudinal study of 

PEM in 1151 young Palestinian refugee children in Jabalia camp in Gaza 

Strip and another cross sectional study of 400 7 children aged 24-60 

months from four refugee camps (1965-67), malnutrition accounted for 

33.4% of infant deaths. It accounted for 29.8% of total infant death as 

an underlying cause, while it was responsible for 3.6% of the deaths as 

an immediate cause (33). Diarrheal diseases were the main cause of 

infant death in which malnutrition was the underlying cause. This study 

showed that a high percentage of underweight was discovered in .the later 

half of the first year and marasmus was the predominating type of PEM 

(7.3%; the mild form of PEM (80-90% of Harvard standard) constituted 

about half the total per cent of total underweight (33.3% out of 54.5) 

for the age group 24-60 months. Also, it was shown that infants -whose 

spacing from the preceding siblings from 2-3 years had slight advantages 

in growth over those born at intervals of less than 2 years' from the 

preceding living sibling (33). In other studies, it was found that the 

larger the number of children in the household, the shorter .the 

children (34, 35).

The incidence of low birth weight (2.5 kg) (8) is excessive in 

rural and urban low socioeconomic :groups in developing countries. A 

consistent association has been found between height of the mother and 

the birth weight in.four rural Guatemalan villages (36). Average birth 

weight increased as dietary intake of the mother increased. Also, 

there was an association between caloric simplementation during
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pregnancy and birth weight in the whole population and between siblings 

of the same mother (36).

In rural areas in developing countries, nutritional problems 

appear at the age of weaning. With rapid urbanization, failure of 

lactation and economic inability to compensate for it lead to higher 

morbidity and mortality rates at an earlier age. Recently, a study has 

been carried out in the crowded slums of Teheran, Iran, and it has been 

found that 31% of the admitted children to clinic were suffering from 

malnutrition and 44% of these children were under one year of age (37) . 

In a study carried out on 370 randomly selected families in rural and 

urban communities in Mexico, it was found that there was a significant 

correlation between the family diet and the infant diet at six months 

of age. Higher correlations were found between both scales and indi

cators of economic position of the family than with the educational 

level of both parents (38) .

The most important nutritional problems in the Middle East are 

protein energy malnutrition, nutritional anemia, vitamin A and vitamin D 

deficiency, and endemic goiter. Marasmus and kwashiorkor are not en

countered in community surveys, mainly because they are being hospital

ized. Other less severe forms of PEM are presented in Fig. 1. Twenty

to forty per cent of the preschool children in the 12 countries could

be classified as normal, while the rest were affected by varying degrees

of malnutrition. Severe forms of PEM were present in 2-20% of the

children. An estimate of 20-25% of the children, 20-40% of female 

adults, 10% of male adults, and 70-90% of the infants and pregnant and 

lactating women have nutritional anemia in the Middle East (12).
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Over 90%  of standard weight 
(normal)

Between 60%  and 90%  of 
standard weight (mild to m oderate 
malnutrition)
Less than 60%  of standard weight 
(severe malnutrition)

Country
Democratic

Year of Study

Yemen 1972

Egypt 1965-66

Ethiopia 1970

Iran 1965-66

Iraq 1965

Jordan 1963-65

Lebanon 1969

Libyan Arab 
Republic

1971

Pakistan 1965-66

Sudan 1971-72

Tunsia 1969-70

Yemen 1972

ssem■ U d t i i

___

mm

PPIW l "̂

Number
Examined

342

1454

141

174

2501

1064

1231

470

430

3670

596

902

100

Fig. 1. Protein Energy Malnutrition in Preschool Children in Some 
Countries of the Eastern Mediterranean Region (12)
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Xerophthalmia is associated with PEM in preschool children in 

the region. Though vitamin A deficiency does occur in the Eastern 

Mediterranean, it is not so severe or common as in South Asia. Rickets 

has been reported in five countries in the region (Egypt, Ethiopia,

Iran, Libya, and Tunisia) . It was seen in children under two years of 

age, 30-50% had mild form and 3-5% had moderate to severe forms.

Dietary lack of vitamin D, social customs that confine young children in 

dark homes, and the excessive wrapping of babies and possibly a phytate 

content in the diet may contribute to the high frequency of rickets in 

the region. Goiter has been documented in Ethiopia, Iran, and Lebanon, 

resulting mostly from iodine deficiency; however, a study in Lebanon in 

1965 suggested that the high salt intake observed might be a con

tributing'" factor .(12).

Underweight and marasmus are.far mere prevalent than marasmic 

kwashiorkor and kwashiorkor in the Middle East (33, 39, 40) . , About 100 

patients with PEM were seen in a children's hospital in Mosul, Iraq, 

during 1973-74. The average age of the patients was 14 months; for 

patients with marasmus it was 12 months, for mar as mi c kwashiorkor 18 

months, and for kwashiorkor it was 32 months'. Marasmic cases accounted 

for 90% of the patients. Dietary history revealed the nutritional 

failure among these patients. They were having problems such as: (a)

early ..weaning because of successive pregnancies, (b) prolonged lactation 

with minimum supplementation, (c) diluted dirty bottle feeding, and (d) 

poverty and ignorance. Infection was present in every case and was the 

direct cause of hospitalization. The major problem was diarrhea (39,
41) .
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In 1975, a study was carried out on 6500 preschool children in 

219 villages in Nepal. The prevalence of acute undernutrition was 6.7% 

and the chronic undemutrition was 52% of the children. The children 

of the elite group were less stunted which may indicate the linear 

growth potential of reasonably well nourished Nepalese children (42) .

The acceleration of children’s growth rates which occured throughout 

Europe over the past 70 years is an indication of the social improvement 

and improved nutrition (43). However, it was found in a study carried 

out in four rural communities in Guatemala that the variability in 

stature among malnourished children is as much a reflection of genetic 

differences as it is in developed nations (44). But this might be 

explained by the.fact that parents who had relatively better conditions 

as children are more likely to provide a better environment for their - 

children (44).

Anthropometric Measurements as a Means 
of Evaluating Nutritional Status

Protein energy malnutrition (PEM) is a widespread health problem 

of infants and young children in the developing world. The two main 

severe forms of malnutrition, namely kwashiorkor and marasmus, are . 

easily detected".by inspection. However, larger numbers of children with 

hidden mild to moderate PEM are easily missed (45, 46) . In order to 

assess the nutritional status, which is that condition of health of 

people that can be attributed to the foods they habitually consume (43) , 

tests have to be devised to identify and classify children with mild to 

moderate PEM or marginal malnutrition. The main direct methods of 

assessing PEM in the community are:



Clinical signs. Eleven clinical signs (oedemea, dyapigmenta- 

tion of the hair, .easy pluckability of the hair, thin sparse 

hair, straight hair, muscle wasting, depigmentation of the skin, 

psychomotor change, moon face, hepatomegly, and flaky paint 

dermatosis) have been listed as being suggestive of PEM of early 

childhood (1). All have the disadvantage of being subjective 

and difficult to standardize. In addition, these signs are not 

mostly present, especially in mild to moderate PEM (1). 

Biochemical tests. Various biochemical tests have been sug

gested for the detection of early PEM. The serum protein tie vel 

was employed but significant changes are not seen until clinical 

PEM occurs. Other tests are amino acid imbalance test (47) and 

the hydroxyproline test (48). Tests need a sophisticated 

laboratory to carry them out. Also, they are expensive and 

unsuitable for use on a wide range as of population screening. 

Anthropometry. Since the child's growth slows down, if he 

becomes undernourished before other changes appear, a method of 

evaluation which utilizes growth status of the child will allow 

the recognition of malnutrition in its early stages by using 

somatic measurements (1) . The somatic measurements are the 

most practical means of assessing the growth and development of 

infants and children singly or in groups, cross-sectionally or 

longitudinally and for classifying them according to their 

nutrition (1, 49).
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The relative importance of various anthropometric measurements 

was assessed in 3100 preschool children of low income groups between 

1-5 years in rural areas around Hyderabad - city, India. They were 

divided into three groups: normal, children suffering from PEM, and

children showing signs of deficiency. A close relationship was observed 

between severity of PEM on one hand and weight for age and weight/ 

height on the other. The measurements of children with signs of vitamin 

deficiency and of normals were similar. The maximum difference was 

observed in weight and minimum difference in height between normal 

children and those with PEM (41) .

It is now widely agreed that growth and development are sensi

tive indicators of PEM and that monitoring of growth and development may 

be the most feasible way of detecting early PEM in the young child.

Height is an excellent me as ure of growth. However, in preschool 

children which are more at risk, measurement of height is difficult and 

requires two people. Also, changes in height in a period shorter than 

six months are small, so that any reduction in growth during such periods 

will be*(difficult to detect (8) . In addition, stature gives little or 

no indication of growth of the muscle or fat component of the body (40) .

Body weight is the most direct single measurement, of overall 

body mass, and it is commonly used in field studies of nutritional k

status. Weight gives the most significant information if it can be 

measured serially. When this is not possible, as in cross-sectional 

surveys, it has been recommended that weight should be expressed as a 

percentage of the expected weight for a normal child (1). But weight 

does not give an indication of the relative size of the respective body
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components. The difference, in body height of primarily genetic origin 

should be taken into account. Body weight should therefore be evaluated 

in relation to height. Thus, the relative weight has been introduced 

which indicates for what percentage does the actual body weight differ 

from the standard weight (50). Mclaren and Read modified this index to 

include age to identify those whose past malnutrition caused stunting 

though their weight in proportion to their length is normal. Children 

who are over 90% of their expected weight/leng-th/age and less than 90% 

of their expected length/age are classified as "nutritional dwarfs"

(49, 51).

The mid-arm circumference has been recommended as an alternative 

to weight in the rapid assessment of PEM especially in the field. There 

was a good correlation between weight and arm circumference (r = 0.784) 

(52). The measurement of arm circumference includes bone, muscle, 

subcutaneous fat, and skin but since bone "size and skin are relatively 

not affected by malnutrition, it reflects mainly the combined calorie 

and protein status (53, 54).

The triceps fat fold is a measure of the thickness of the sub

cutaneous fat. The estimated arm muscle circumference gives an indica

tion of the body's muscle or its main protein reserve. It can be 

derived from arm circumference (CA) and the triceps fat fold (S) , using 

the equation CM = CA - rS (55) . Authors have considered the arm cir

cumference as an age independent indicator of nutritional status in the 

range of 1-5 years (44, 56, 57). This is not the case in the ten states 

study (58) and the Guatemalan study (59). The arm circumference between 

the ages of 1-5 years increases approximately 11% in girls and 15% in
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boys (58). These data suggest.that the arm circumference is not in

dependent of age as was assumed but the increase is slow if compared 

with height or weight during childhood.

A more valid age-independent estimate can be obtained by the 

ratio of two measurements such as the mi d-arm/he ad circumference.

Shakir made a comparison between the MA/HC and the Boston standard 

weight for age. The study was made on 111 Baghdad children aged 3-72 

months, representing a wide range of socioeconomic groups. The per

centage with PEM by weight for age standard of 80% is 34.5, and by 

MA/HC ratio of 0.29 is 39.2. These are comparable but there is a large 

difference for severe PEM between the 60% weight for age (12.0) and the 

MA/HC ratio of 0.25 (21.4) . He found that MA/HC ratio of 0.29 is better 

than 0.31 (as suggested by Mclaren and Kanawati) as the standard 

separating PEM from normal, compared with weight for age of 80% of 

Boston standard (60). In another study, a significant correlation was 

found between MA/HC ratio.and weight for age (61).

Selecting the indices to measure the nutritional .status depends 

on a number of factors which include the practicability of the method, 

economy, purpose of the study, and whether the study is done in the 

field or in a clinic.



CHAPTER III

MATERIALS AND METHODS

Sample and Collection 

A cross sectional .study was undertaken of 198 children composed 

of those attending the Maternal Child Health Clinic at ARAMCO Hospital 

for immunization or trivial illness in Dhahran in the Eastern Province 

of Saudi Arabia» The Maternal Child Health Clinic receives around 60 

children per day. The study was done during the period of September 19, 

1977, to December 10, 1977. The population studied consisted of 

apparently healthy, normal Saudi. Arabian children from different urban 

areas in the Eastern Province, mainly from Qatif, Al-Khobar, Thuqba, 

and Dammam. They are dependents of ARAMCO employees and the income of 

their families ranges between $450-1700 U.S. per month. Their ages 

ranged between 1-60 months. The '-sexes were approximately equally 

distributed and the age distribution was 94 at 1-12 months, 39 at 12-24 

months, 31 at 25-36 months, 23 at 36-48 months, and 11 at 49-60 months. 

The mothers were asked a standard set of questions that dealt with 

the feeding pattern of the child, education and age of the mother, 

number and spacing of the children, health state of the child, and 

income of the father. Questions regarding feeding pattern of the child 

concentrated on whether the "child was bottle fed or breast fed, duration 

of the breast feeing, brand of milk, time of solid food introduction, 

kind of solid food, and how often the feeding. Birth date, birth

24
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weight, birth length, birth head circumference, and .hematocrit data were 

taken from the hospital record for each child. Hematocrit data had to 

be within six months otherwise a new measurement was ordered to be 

done. Some of these data were missing because some of these children 

were born at home or the data were lost (see Appendix B).

All children were anthropometrically measured by the investi

gator. All measurements were taken following the technique described 

by Jelliffe (1) .

Measurements and Instruments

Height and Weight

All children were weighed lightly clothed; that is, wearing 

light summer clothes without wearing shoes or diaper. Infants were 

weighed with a SEGA beam balance to the nearest 10 gm and older children 

were weighed on a platform type beam balance to the nearest 10 gm.

Both, scales were regularly calibrated for accuracy.

Lengths were measured to the nearest 0.1 cm with the -child lying 

supine on a horizontal board made in the United States for the study. 

Recumbent lengths were obtained on subjects from 1-36 months of age.

The mothers helped with the proper alignment of the child. Heights of 

older children were measured to the nearest 0.1 cm. The children were 

made to stand heels together, head level against the wall-mounted 

measuring tape. A metal bar was gently lowered, crushing the hair, and 

making contact with the top of1the head.



Upper Arm Circumference

Upper arm circumference was measured to the nearest millimeter 

with a plastic measuring tape with the right arm hanging relaxed. The 

measurement was taken midway between the tip of the olecranon and the 

acromion.

Triceps Skin Fold Thickness

Triceps skin fold thickness was measured to the nearest milli

meter with a Lange skin fold caliper. The measurement was taken on the 

back of the arm and mid-way between the point of the acromion and 

olecranon process while the right arm was hanging relaxed. In most of 

the cases, the measurement was repeated twice and the average was 

recorded.

Head Circumference

Head circumference was measured as the maximum circumference 

of the head with paper insertion tape passing over the supraorbital 

ridges and over the maximum occipital prominence. The measurement was 

taken on children between 1-36 months of age. Care was taken to insure 

that the tape passed around the head at the same level on each side. 

Firm pressure was applied to compress underlying hair.



CHAPTER IV

RESULTS

Nutritional Status 

The anthropometric indices were selected to reflect the protein 

energy status of these children. Weight for age is the most widely used 

index to determine the nutritional status of children; weight for height 

reflects recent nutritional status, while height for age is an indica

tion of the past nutritional history or duration of malnutrition (8).

A fourth index is the mid-arm circumference/head circumference (MA/HC) 

ratio which has been shown to be, in healthy children, rather constant 

between 1-4 years. The lower cutoff point for this index is 0.25; any 

child below this point is classed as severely malnourished. The cutoff 

points for moderate, mild, and normal would be 0.25-0.28, 0.28-0.31, 

and 0.31, respectively (8). The hematocrit level was used as an index 

of riron-nutritional status. -The cutoff points used in children under 

two years were: deficient = less than 28%; marginal = 28-30%; normal = 

more than 31%. For children over two years, the criteria were: 

deficient = less than 30%; marginal = 30-33%; normal = more than 34% 

(62).
It is important to note that these children have had good 

medical care in the first two years. Some have been treated with iron 

supplement when indicated.

27
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Children who had documented sickle cell anemia, glucose-6- 

phosphate dehydrogenase (G6pd) deficiency, or parasites (Giardia 

lamblia, Trichuris trichura, Endambia coli, and Ascaris) were excluded 

in the comparison of regular versus irregular meal pattern, breast and 

bottle feeding, ethnic grouping, and hematocrit.

Initially, the 198 children were grouped into one year age 

brackets except the first and last six months. The mean and the 

standard deviation for weight, height, head circumference, wt/ht, MA/HC, 

triceps skin fold thickness, and arm circumference of each group have 

beeh1calculated (Table 1).

Weight for Age

The 50th percentile of the Saudi sample for weight for age for 

both males and females lies above the 50th percentile of the Saudi 

standard used at ARAMCO Hospital: (see Appendix D) . The 50th percentile 

for females is parallel and closer to the 50th percentile of the Saudi 

standard of all ages, while the 50th percentile for males is well above 

the '50th percentile of the 'Saudi standard except in the 3-4 year period 

(Fig. 2).

By comparing the 50th percentile of the Saudi sample with the 

50th percentile of the American standard produced by the National Center 

for Health Statistics (NCHS) (new growth charts for today's children 

using current NCHS data) (63), it appears that the 50th percentiles for 

males and females of the American standard are well above the 50th per

centile of the sample of Saudi children except in the first six months 

where they appear to’ be close (Fig. 2). Also, the 10th and the 90th



Table 1. Anthropometric indices.

Age (mtha) Wt (kg) Ht (cm) Wt/Ht He (cm) Ac (cm) MA/HC Taft (mm)
Range Md. Pt. N Mean s.d. Mean a.d. Mean a.d. Mean a.d. Mean a.d. Mean a.d. Mean s.d.

(a) Malea
1-6 3 12 6.2 1.15 61.9 3.4 0.1 0.015 40.3 1.6 12.6 1.3 0.31 0.03 7.5 2.6
6-18 12 33 9.3 1.2 73.6 4.0 0.13 0.01 45.1 1.4 14.2 1.1 0.31 0.025 8.4 2.8

18-30 24 21 12.3 1.5 84,8 4.1 0.15 0,01 47.6 1.1 14.7 1.0 0.31 0.02 9.0 2.6
30-42 36 12 13.3 1.1 92.3 3.7 0.14 0.01 48.2 1.7 15.0 0.6 0.32 0.01 8.8 2.3
42-54 48 14 15,3 2.2 98.5 4.5 0.16 0.01 — r- v 15.3 1.2 — — 7.4 2.0
54-60 57 5 17.2 0.8 105.3 2.1 0.16 0.01 

(b) Females

15.6 0.92 7.4 2.4

1-6 3 12 5.4 1,2 58,7 6,4 0,09 0,01 39.3 2.0 11.8 1.2 0.3 0.007 7.5 2.3
6-18 12 37 8.5 1.5 71,8 5,0 0,12 0,014 43.7 1.6 13.6 1.3 0.3 0.027 8.4 2.3

18-30 24 18 11.1 1.5 82.1 4.8 0.14 0.014 46.1 1.2 14.1 0.9 0.31 0.02 7.9 2.1
30-42 36 19 13.1 1.6 84.6 4.8 0.14 0.04 47.0 1.3 14.8 1.1 0.31 0.02 8.7 1.9
42-54 48 9 14.9 2.5 97.6 4.1 0.15 0.02 47.2 1.9 15.3 1.2 0.32 0.002 7.5 2.2
54-60 57 6 15.9 1.7 102.7 3.4 0.15 0.01 14.9 0.6 7.1 1.6
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Fig. 2. Comparison of the 50th Percentile of the Saudi Children
with the 50th Percentile of the Saudi and the NCHS Standards 
for Weight for Age
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percentiles of the sample were compared with the 10th and the 90th 

percentiles of the NCHS standards for weight for age. It appears that 

the distribution of weight in the 90th percentile for Saudi girls is 

close to the NCHS in the first year and then it deviates from the 

American standard, (Fig. 3b) . The 90th percentile of the Saudi males is 

not as close to the American standard as the 90th percentile for females 

in the first year and also it does not deviate from the 90th percentile 

of the NCHS standard as much as the 90th percentile for Saudi females 

(Fig. 3).

The 10th percentiles for both Saudi males and females are below 

the 10th percentiles of the NCHS standard and appear to be almost 

parallel to it (Fig. 3).

The 198 children were divided into four groups according to sex 

and age, so differences between children who are under 30 months and 

children who are above 30 months, between males and females, could be 

detected.

' Table 2 [and Fig. 4 show the percentage of children, in the four 

groups, who are below the 10th percentile of the NCHS standard for 

weight for age. The per cent of children who are under the 10th per

centile of the NCHS standard is about 20% in all groups except the 

females above 30 months whose per cent under the 10th percentile of the 

NCHS standard is about 41.2%. A: very small per cent of the children lie 

above the 90th percentile for weight for age of the NCHS standard. It 

ranges from 0% for the males above 30 months to 6% for males under 30 

months. The younger children, both male and female, appear to have a 

higher per cent over the 90th percentile though this is not marked.
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Table 2. Percentages of children in different■percentiles of the NCHS

standard for weight for age

NCHS percentiles Males % Females % Total %

(a) Under 30 months
Less than the 10th 13 19.7 12 17.9 25 18.8
Between 10-50th 25 37.9 37 55.2 62 46.6
Between 50-90th 24 36.4 15 22.4 39 29.3
Over the 90th 4 6.0 3 4.5 7 5.3

Total 66 100.0 67 100.0 133 100.0

(b) Over 30 months
Less than the 10th 6 19.4 14 41.2 20 30.8
Between 10-50th 18 58.0 14 41.2 32 49.2
Between 50-90th 7 22.6 5 14.7 12 18.5
Over the 90th — — 1 2.9 1 1.5

Total 31 100.0 34 100.0 65 100.0

(c) All males and females
Less than the 10th 19 19.6 26 25.7 45 22.7
Between 10-50th 43 44.3 . 51 50.5 94 47.5
Between 50-90th 31 31.9 20 19.8 51 25.8
Over the 90th 4 4.1 4 3.9 8 4.0

Total 97 100.0 101 100.0 198 100.0
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The population of children between the 10th and 50th percentiles ranges 

from 37.9% for males under 30 months to 58% for males over 30 months. 

Males under 30 months have a significantly higher per cent than any 

other group in the 50-90th percentiles (about 36.4% as compared to 

22.4% for females under 30 months, 22.6% and 14.7% for males and 

females above 30 months, respectively).

According to the Gomez index of weight for age (8) , malnutri

tion was divided into three degrees:

1. first degree = 90-75% of Harvard median;

2. second degree = 75-60% of Harvard median; and

3. third degree = less than 60% of Harvard median.

Weight for age of the sample was calculated as a percentage of 

Harvard age-sex adjusted median and on the basis of the Gompz classifi

cation, the number and percentage of children who were malnourished were 

calculated and are presented in Table 3.

Table 3. Nutritional status of 
Gomez index of weight

the
for

Saudi children on 
age.

the basis of the

Normal 
over 90%

First degree 
90-75%

Second degree 
75-60%

Third degree—  
less than 60%

Number 128 61 9 —

Per cent 64.6 30.8 4.6 •— —
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Sixty-four and 6/10 per cent of the children were above 90% of 

Harvard median. None was found to be less than 60% and 35.2% of the 

children were found to have first or second degree malnutrition. The 

mean was 94.7% of the Harvard median and the standard deviation was 

12.1. The minimum was 61.5% and the maximum was 148.6% of the Harvard 

median.

Weight/Height

The 50th percentile of the sample for weight/height for both 

males and females coincide almost exactly with the NCHS 50th percentiles. 

(Fig. 5) . Tables 4 and Fig. 6 show that the percentage of children 

below the 10th percentile for weight/height of the NCHS standard ranged 

between 8.8% for females over 30 months and 13.4% for females under 30 

months. None of the males over 30 months lie above the 90th percentile 

while the females of the'same age, 14.7%, are above the 90th percentile. 

Most of the children lie between the 10th and the 50th percentiles of 

the NCHS standard. It ranged from, 35.3% for females over 30 months to 

51.6% for males over 30 months. The per cent of children who lie 

between the 50th and the 90th percentile of the NCHS standard ranged 

between 27.3% for males under 30 months and 41.7% for females over 30 

months.

There was good correlation between weight/height and MA/HC 

(r = 0.38). The correlation between weight/height and height as per 

cent of the Saudi median was less than that (r = 0.28).
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Table 4. Percentages of children in different percentiles of the NCHS 

standard for weight/height.

NCHS Percentiles ■ Males % Females % Total %

= or less than the 
TOth percentile 6

(a) Under 

9.1

30 months 

9 13.4 15 11.3
Between 10—50th 33 50.0 33 49,2 66 49.6
Between 50-90th 18 27.3 19 28.4 37 27.8
Over the 90th 9 13.6 6 9.0 1'5 • 11.3

Total 66 100.0 67 100.0 133 100.0

(b) Over 30 Months
= or less than the

10th percentile 3 9.7 3 8.8 6 9.2
Between 10-50th 16 51.6 12 35.3 28 43.1
Between 50-90th 12 38.7 14 41.2 26 40.0
Over the 90th — — 5 14.7 5 7.7

Total 31 100.0 34 100.0 65 100.0

. . (c) All Males and Females
= or less than the

10th percentile 9 9.3 12 11.9 21 10.6
Between 10-50th 49 50.5 45 44.6 94 47.5
Between 50-90th 30 30.9 33 32.7 63 31.8
Over the 90th 9 9.3 11 10.9 20 r-ioH

Total 97 100.0 101 100.0 198 100.0
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Height for Age

When the height for age of the Saudi children was compared with 

the American standard (NCHS), much larger proportion of the children 

were below the NCHS 10th percenitle (Table 5 and Fig. 7). The females 

above 30 months have the highest per cent (58.8) while the males under 

30 months have the lowest per cent (25.8) . A very small proportion of 

the children lies above the 90th percentile (5%). All of the children 

who lie above the 90th percentile were under 30 months. Also, those who 

lie between the 50th and the 90th percentiles were mostly under 30 

months. The percentage of children who lie between the 50th and 90th 

ranged from 0% for males aver 30 months to 16.7% for males under 30 

months. A good per cent of the children lie between the 10th and the 

50th percentiles. The percentages ranged from 35.5% for females above 

30 months to 58.1% for males above 30 months.

The sample 50th percentiles of males and females were :compared 

with the 50th percentiles of the Saudi and NCHS standards. The 50th 

percentile of the Saudi males of the sample lie above the 50th per

centile of the Saudi standard especially in the first year; but for 

females the 50th percentile lies above the Saudi standard only in the 

first and in the 3-1/2 to 5 years period, and below the Saudi standard 

in the 1 to 3-1/2 years period (Fig. 8). The 50th percentile of the 

American standard (NCHS) is will above the 50th percentile of the 

sample, both male and female, but they appear to be close in the first 

few months.

The 10th and the 90th percentiles of the sample were compared 

with the NCHS 10th and 90th percentiles (Fig. 9). The 90th percentile
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Table 5. Percentages of children in different percentiles of the 
NCHS standard for height for age.

NCHS percentiles Males % Females % Total %

(a) Under 30 months
= or less than the

10th percentile 17 25.8 20 29.9 37 27.8
Between 10-50th 33 50.0 34 50.7 67 50.4
Between 50-90th 11 16.7 8 11.9 19 * 14.3
Over the 90th 5 7.6 5 7.5 10 7.5

Total 66 100.0 67 100.0 133 100.0

(b) Over 30 months
= or less than the

10th percentile 13 41.9 20 58.8 33 50.7
Between 10-50th 18 58.1 12 35.3 30 46.2
Between 50-90th — — 2 5.9 2 3.1
Over the 90th — — — — — ——

Total 31 100.0 34 100.0 65 100.0

(c) All Males and Females
= or less than the

10th percentile 30 30.9 40 39.6 70 35.4
Between 10-50th 51 52.6 46 45.5' 97 49.0
Between 50-90th 11 11.3 10 9.9 21 10.6
Over the 90th 5 5.2 5 4.9 10 5.0

Total 97 100.0 101 100.0 198 100.0
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for girls appears to be close to the American standard in the first 

year and then it goes well below the American standard, especially in 

the 2-4 year period and then there is some catch up in the fifth year. 

The 10th percentile of the Saudi females is well below the NCHS standard 

and almost parallel to it except in the fifth year where there is a 

little catch up. The 90th percentile for males is not as close to the 

90th percentile of the NCHS standard as that of the females though it 

has the same characteristic of going further apart later on. The 10th 

percentile of the Saudi males is almost parallel to the NCHS standard, 

especially in the 1-4 years period (Fig. 9)■

Kanawati and McLaren proposed a measure for gradation of re

tardation based on height for age as a per cent of Harvard standard 

(8, 64). The cutoff points for mild, moderate, and severe retardation 

would be 95%, 90%, and 85% of Harvard standard. On the basis of this 

classification, the number and the per cent of the normal, mild, 

moderate, and severe malnourished children were calculated (Table 6). 

According to this classification, 74.7% of the children-/were considered 

normal, the rest either had mild or moderate retardation of growth. One 

child was less than 85% of Harvard standard which was considered to be 

the cutoff point for severe retardation. The mean was 9 7.7% of Harvard 

standard and the standard deviation was 4.25. The minimum was 84.4%, 

and the maximum was 109.4% of Harvard standard.

Mid-Arm Circumference/
Head Circumference

The children were classified into severe, moderate, mild, and 

normal according to MA/HC ratio index mentioned above. These children
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Table 6. Number and per cent of Saudi children in different nutritional 
status based on McLaren and Kanawati index for height for age 
as a per cent of Harvard standard

Normal Mild Moderate Severe Total95% 90-95% 85-90% 85%

Number 148 43 5 1 198

Per cent 74.7 21.7 2.5 0.5 100

were only those in whom head circumference was measured, that is, 

children under 3 years. Table 7 and Fig. 10 show that 3 females or 4.5% 

of the females under 30 months were classified as severely malnourished. 

None of the children between 30-36 months were classified as severely 

or moderately malnourished. Ten and one-half per cent of the children 

under 30 months were classified as moderately malnourished. A high per 

cent of the children in all groups were classified as mildly mal

nourished. So, according to this classification, - the least affected 

were the children between 30-36 months; none of them were severely or 

moderately malnourished. The percentage of male children who were 

mildly malnourished was less than the females. It was 44.7%-and 47.0% 

for males between 30-36 months and males under 30 months, respectively, 

as compared to 53.7% and 57.9% for females under 30 months and females 

between 30-36 months, respectively. The percentage of normal children 

was higher in the 30-36 months group, 46.4% as compared to 33.8% for 

children under 30 months. In this age group (30-36 months), none was 

overweight while 3% of the children under 30 months were overweight.
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Table 7. Percentages of children in"different levels of MA/HC.

Classification Males % Females % Total %

(a) Under 30 months
Severe (less than

.25) — — 3 4.5 3 2.3
Moderate (.25-.28) 8 12.1 . 6 8.9 14 -.10.5
Mild (.28-.31) 31 47.0 36 53.7 67 50.4
Normal (.31-.35) 25 37.9 20 30.0 45 33.8
Overweight 2 3.0 2 3.0 4 3.0

Total 66

(b)

100.0 67 

Over 30 months

100.0 133 100.0

Severe (less than
.25) — — — —  . — —

Moderate (.25-.28) — — — — — —

Mild (.28-.31) 4 44.4 11 57.9 15 53.6
Normal (.31-.35 5 55.6 8 42.1 13 46.4
Overweight — — — — — —

Total 9 100.0 19 100.0 28 100.0

Severe (less than 
.25)

(c) All Males and Females 

3 3.5 3 1.9
Moderate (.25-.28) 8 10.6 6 7.0 14 8.7
Mild (.28-.31) 35 46.7 47 54, 6 82 50.9
Normal (.31-.35) 30 40.0 28 32.6 58 36.0
Overweight 2 2. 7 2 . 2.3 4 2.5

Total 75 100.0 86 100.0 161 100.0
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The 10th, 50th, and the 90th percentiles of the Saudi sample for head 

circumference were, compared with the American standard (NCHS) . (Figs. 11 

and 12) . The Saudi percentiles were well below the American standard 

especially in the 2-3 years range where the Saudi percentiles were 

almost a plateau especially the 10th for males and females and the 50th 

percentile for males. . Brain size and both the thickness of scalp soft 

tissues and the skull can vary with nutritional status, so head circum

ference is slightly affected in the second year of life in PEM (1). In 

case of the sample, it is clear that there was slow growth in head cir

cumference specifically in the 2-3 years period which indicates a long 

term of protein energy malnutrition.

The Saudi 50th percentiles for arm circumference and triceps 

skin fold thickness were compared with the Ten States standard, which is 

based on a cross-sectional sample of 5,637 males and 6,759 females, 

aged 0 to 44 years, derived from the Ten-State Nutrition Survey of 

1968-1970. Figure 13 shows that for males and females, the Saudi 50th 

percentile for arm circumference is well below the Ten States standard 

and almost parallel to it except in the 4-5 years period where the 50th 

Saudi percentiles are coining down for both males and females.

The Saudi 50th percentile for triceps skin fold thickness for 

males is below and parallel to the Ten States standard in the first 

three years and then it comes down making a large difference between the 

two percentiles in the 3-5 years period (Fig. 14a). The 50th percentile 

for triceps skin fold thickness for females is also below the Ten states 

standard but it goes down after the first year and then rises in the 2-3 

years period and ..then goes down again, after the third year (Fig.-14b) .
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Table 8 and Fig. 15 show the percentage of children who were .

i
less than the 15th percentile of the Ten States standard for arm cir

cumference. The highest per cent (55.9) was that of the females above 

30 months. Next to them were the males above 30 months (54.8) and then 

females less than 30 months (46.3). Those who have the smallest per 

cent were the males under 30 months (37.9). Forty-six and one-half 

per cent of all the children were below the 15th percentile of the Ten 

States for arm circumference. A very small per cent (1-5) were above 

the 85th percentile of the Ten States standard for arm circumference. 

None of the males above 30 months lie above the 85th percentile. A 

small per cent of all the children lie between the 50th and 85th per

centiles (14.1%) ‘and the percentage of children in all groups was 

almost identical. A larger per cent of children lie between the 15th 

and 50th percentiles of the Ten States standard; the age group of less 

than 30 months has a higher per cent than those who are above 30 months 

(42.1% and 29.2%, respectively).

Table 9 and Fig. 16 show the percentage of children below the 

15th percentile of the Ten States standard for triceps skin fold thick

ness . The percentages in all groups were comparable to each other in 

the 15 th percentile, but ".the percentages of children who lie between 

the 15th and the 50th percentiles differ for those who are under 30 

months and those above 30 months^ (36.8%, 52.3%). Higher per cent was 

for children under 30 months, who lie between the 50th and 85th per

centiles, than the children above 30 months (26.3%, 12.3%). Four per 

cent of all the children lie above the 85th percentile. Males have a 

higher per cent than females (6.2%, 2%).
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Table 8. Percentages of children in different percentiles of the Ten 

States standard for arm circumference. ••

Ten States
percentiles Males % Females % Total %

(a) Under 30 months
Less than the 15th 25 37.9 31 46.3 . 56 42.1
Between 15-50th 31 47.0 25 37.3 ' 56 42.1
Between 50-85th 9 13.6 10 14.9 19 14.2
Over the 85th 1 1.5 1 1.5 2 1.5

Total 66 100.0 67 100.0 133 100.0

Less than the 15th 17
(b) Over 30 

54.8
months

19 55.9 36 55.4
Between 15-50th 10 32.2 9 26.5 19 29.2
Between 50-85th 4 12.9 5 14.7 9 13.8
Above the 85th — — 1 2.9 1 1.5

Total 31 100.0 34 100.0 65 100.0

- (c) All Males and Females
Less than the 15th 42 43.3 50 49.5 92 46.5
Between. .15^ 5 0th . 41 . 42.3 : ... 34 33.7 75 37.9
Between 50-85th 13 13.4 15 14.8 28 14.1
Above the 85th 1 1.0 2 2.0 3 1.5

Total 97 100.0 101 100.0 198 100.0
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Table 9. Percentages of children in different percentiles of the Ten 

States standard for triceps skin fold thickness.

Ten States 
percentiles Males % Females % Total %

(a) Under 30 months
Less than the 15th 23 34.8 21 31.3 44 33..1
Between 15-50th 21 31.8 28 41.8 49 36.,8
Between 50-85th 18 27.3 17 25.4 35 26..3
Above the 85th 4 6.1 1 1.5 5 3..7

Total 66 100.0 67 100.0 133 100..0

(b) Over 30 months
Less than the 15th 8 25.8 12 35.3 20 30.8
Between 15~50th 16 51.6 18 52.9 34 52.3
Between 50-85th 5 16.1 3 8.8 8 12.3
Above the 85th 2 6.5 1 2.9 3 4.6

Total 31 100.0 34 100.0 65 100.0

(c) All Males and Females
Less than the 15th 31 32.0 33 32.7 64 32.3
Between 15-50th 37 38.1 46 45.5 83 41.9
Between 50-85th 23 23.7 20 19.8 43 21.7
Above the 85th 6 6.2 2 2.0 8 \ 4.0

Total 97 100.0 101 100.0 198 ' 100.0
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Hematocrit

Table,:10 and Pig. 17 show the per cent of children who had 

deficient, marginal, and normal level of hematocrit. In the deficient 

level of hematocrit, females above two years had a higher per cent than 

other groups (10% as compared to 2.1% and 1.7% for males and females 

under two years) . Twenty per cent of the females above two years had 

marginal levels; next to them were the males above two years (16.7%).

The males and the females under two years were less affected (8/7% and 

3.4%, respectively). The low percentage of children who had deficient 

or marginal hematocrit levels may be due to the fact that these children, 

especially those under two years, were well taken care of in the MCH 

clinic.

The chi square statistic was applied at the 5% level of sig

nificance and it was found that the hematocrit level was not related to
2the child's sex (calculated X - 0.02), but it was related to the child's

2age in the female group (calculated X == 10.7). There was no correla

tion between hematocrit and wt/ht (r = 0.04) , MA/HC (f = 0.026), or 

height as a per cent of the Saudi- median (r = 0.052) .

During 1972, 55 examples of growth charts were collected from 

different regions of the world predominantly from developing countries by 

the World Health Organization. A model of a growth chart was prepared to 

meet international needs for a reference for comparing growth measure

ment from different populations (65). The final version was published 

in 1978 at the time of concluding this study. So, these charts were 

not used in assessing the nutritional status of the Saudi children. If



60
Table 10. Percentages of children in different hematocrit levels —  

Children with medical problems were excluded.

Classification Males % Females % Total %

Deficient (less than 
28%)

(a)

1

Under

2.1

two years 

1 1.7 2 1.9
Marginal (28-30) 4 8.7 2 3.4 6 5.7
Normal (31+) 41 89.1 56 94.9 97 92.4

Total 46 100.0 59 100.0 105 100.0

Deficient (less than 
30%)

(b) Over two years

3 10.0 3 5.0
Marginal (30-33) 5 16.7 6 20.0 11 18.3
Normal (34+) 25 83.3 21 70.0 46 76.7

Total 30 100.0 30 100.0 60 100.0

(c) All Males and Females
Deficient 1 1.3 4 4.5 5 3.0
Marginal 9 11.8 8 9.0 17 10.3
Normal :- - 66 86.9 77 86.5 143 86.7

Total 76 100.0 89 100.0 165 100.0

i
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these charts had been used, the results and the conclusions would have 

been the same.

Feeding Pattern

Regular and Irregular Meal Pattern

Mothers were asked about the regularity of feeding their 

children. An attempt was made to assess the effect of regular meal 

patterns, three meals per day for older children and more often for 

infants, on the growth of these children. Children who were fed 

regularly were compared with those who had an irregular meal pattern, 

which is feeding the child when he is hungry. Children who had medical 

problems were eliminated in this comparison. The number of children who 

had a regular meal pattern was 75 and those who did not have a regular 

meal pattern was 84 children. The wt/ht ratio, MA/HC ratio, height as 

a per cent of the Saudi age-sex adjusted median, and hematocrit for both 

groups were plotted against the 10th, 25th, 50th, 75th, and 90th per

centiles of the sample. Those who had ah irregular meal pattern tended 

to have lower values in all indices (Figs. 18, 19, 20, and 21). There 

was a significant difference between children with a regular meal 

pattern and children without regular means with respect to height as 

tested by-analysis of variance (significance of F = 0.001), but there 

was no significant difference with respect, to wt/ht, MA/HC, and ,/ 

hematocrit (significance of F = 0.177, 0.097, and 0.734). Further 

breakdown of regular-irregular meal pattern by sex with different 

variables such as wt/ht, hematocrit and height show that, for males and 

females, those who had an irregular meal pattern had lower mean values
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of the variable being tested that those who had a^;regular meal pattern 

(Figs. 22, 23, and 24), but the differences between the means of 

hematocrit and MA/HC for the two sexes were not significant (P = 0.82 

and 0.35, respectively). On the other hand, there was a significant 

difference between the means of height and wt/ht for the two sexes 

(P = 0.04 and P = 0.01, respectively).

Breast and Bottle Feeding

In Saudi Arabia, breast feeding is the traditional way of 

feeding the infants. Usually, the duration of breast feeding is about 

two years, unless the child is succeeded by another or he or his mother 

is sick. The number of children in the sample that were breast fed was 

68 children; those who had both breast and bottle feeding were 65, and 

those who were bottle fed only were 26 children. The duration of breast 

feeding-ranged from 1-32 months ,* and the average was about one -year.

The main milk used in bottle feeding is the powdered milk formula of 

different brands. Usually, mothers follow the instructions of the 

- -physician concerning the kind of milk. For the first six months,

Quigoz, Nan, and Similac are the most popular brands. In later months, 

Nido is the most widely used. Quigoz has some vitamins added such as 

B^, B^z and C but no iron. Nan contains most vitamins (A, D, C, E, and 

B complex) .plus 6 mg of iron. Nido is a whole powdered milk with 

vitamins A and D added.

Figures~25, 26, 27,~and 28 show that there is a slight differ

ence in the means of wt/ht, MA/HC, height, and hematocrit for-.the three 

groups (breast, bottle, and both). These differences were consistent
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in wt/ht and height where they came in the same order at is shown in

Table 11. 

Table 11. Means of wt/ht and height 
breast and bottle feeding

for breast, bottle. and both

Means of wt/ht Means of height Number

Both 0.1320 102.4 65

Breast 0.1292 101.4 68

Bottle 0.1256 99.7 26

With respect to MA/HC there was no difference» Means of MA/HC: 

bottle —  .0.316

both —  0.312

breast —  0.307

Those who were on breast feeding had a higher value of hematocrit 

level. Means of hematocrit: 

breast —  35.54 

bottle —  34^25 

both —  34.21

By analysis of variance, it was found that the difference 

between the means of wt/ht and MA/HC, for the three groups, is not sig

nificant = 0.448 and 0.349, respectively). But it was a little
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more significant with respect to height as a per cent of the Saudi

median and hematocrit (F _ = 0.015 and 0.099, respectively) .prob.
Cross break of regular-irregular meal pattern by the different 

kinds of feeding was examined. The means of hematocrit, height, and 

wt/ht showed no significant difference in the three kinds of feeding 

(Figs.* 29, 30, and 31). Again, those who had a regular meal pattern 

were better off in all hinds of feeding with different variables except 

bottle feeding in two variables: ht/wt and hematocrit where those who

had irregular meal pattern had higher values.

Solid Food Introduction

Mothers were asked about the time of solid food introduction 

which is defined as any food other than milk. The time of solid food 

introduction ranged from 2-24 months. The mean age of introducing solid 

food was 5.5 months.

There was no correlation between wt/ht, MA/HC, height, or 

hematocrit and the age of solid food introduction (r = 0.03, 0.06,

0.08, and 0.07, respectively).

Socioeconomic Factors

Ethnic Grouping

There are three major groups— or to be exact two main groups: 

Bedouins and Shiite, who can be distinguished fairly well on the basis 

of physical appearance, cultural attitudes, and religious affiliation. 

The .third group is a mixture of peoples and they are, mainly, the 

residents of the cities— Al-Khobar and Dammamy-and accordingly might be
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considered in better condition. As mentioned earlier the Bedouins are 

those who settled in the villages and towns around Al-Khobar. The 

Shiite are the main residents of the Qatif area which is considered an 

agricultural and fishing area. Figures 32, 33, 34, and 35 show that 

there are slight differences between the three groups. The "others" 

group has a slight advantage over the other two groups in most of the 

variables as is shown in Table 12.

Data on children with medical problems were not used in the 

analysis. By analysis of variance, the differences in wt/ht, MA/HC, 

height, and hematocrit between ethnic groups were found to be insig

nificant (Fprok = 0.325, 0.342, 0.668, and 0.148, respectively). By 

analysis of two-way interactions of regular meal-ethnic group, it was 

found that there is a significant difference among regular meal and 

ethnic group with respect to height as per cent of the Saudi median 

(P = 0.004); but it is not significant with respect to wt/ht, MA/HC, 

and hematocrit (P = 0.226, 0.196, and 0.45, respectively). Also, it 

was found that there is no interaction between ethnic group and regular 

meal pattern with respect to height, wt/ht, MA/HC, and hematocrit.. (P = 

0.985, 0.6, 0.567, and 0.297, respectively) .

Income of the Father

The exact salaries of the fathers were obtained from the payroll 

of the ARAMCO company, though it might not represent the actual economic 

situation of the family. Some of the families might have other sources 

of income such as a small farm, a shop, or salaires of the older sons. 

This part of the income was not investigated. Also, the condition of
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Table 12. Means of the anthropometric measurement for the three ethnic 
groups

, , Ethnic Number % wt/ht V  MA/HC shpcma Hematocritgroup

63 . Others 0.133 0.314 101.9 34.9

24 Bedouins 0.129 0.304 101.5 33.5

70 Shiite 0.127 0.321 101.2 35.2

^Height as a per cent of the Saudi median.

the houses was not surveyed. The salaries of the fathers ranged 

between $468-1723 per month. The average was about $930 per month. On 

the basis of the salary, the sample was divided into two groups. One 

hundred twenty-eight children were from families of less than $1000 per 

month income and sixty-nine were from families of more than $1000 per 

month income. Figures 36, 37, 38, and 39 show that children whose 

father's salary is over $1000 had higher mean values in all indices 

(wt/ht, height as a per cent of Saudi median, MA/HC, and hematocrit) .

Table 13 shows that the children belonging to the low salary 

group had lower values ,of the minimum in three indices (wt/ht, height, 

and MA/HC) . Also, the same group had lower values of maximum in three 

indices (wt/ht, height, and hematocrit).

By analysis of variance it was found that the differences between 

the means of wt/ht, MA/HC, height as a per cent of the Saudi median, 

and hematocrit, for the two groups, were found to be significant 

(Fp^ob ” 0-0323, 0.028, 0.0072, and 0.036, respectively).
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Table 13. Minimum and maximum of the anthropometric measurements for 
low and high salary groups

wt/ht height MA/HC hematocrit

<$1000 >$1000 <$1000 - >$1000 <$1000 >$1000 <$1000 >$1000

Max. 0.1792 0.1971 109.4 100 0.4. 0.37 42 54

Min. 0.066 0.086 84.9 92.9 0.248 0.28 22 21

The families whose income is less than $1000 had .a. higher per 

cent of dead children than those whose income is over $1000. It was 

$16.8% for the lower income group as compared to 7.6% for those for the 

higher income group, but the difference was not significant (P = 0.71). 

The number of dead children ranged between 1-4 children.

Age, Health, and Education of the Mother

There was a wide range of the mothers' ages. Age.ranged from 

14-48 years and the average was 29 years. There was a good correlation 

between the age of the mother and wt/ht (r = 0.2153) . Teenage mothers 

had smaller children as compared to older mothers' children, but there 

was no ^correlation between the age of the mother and hematocrit, height 

as a percent of the Saudi median, or MA/HC (r = 0.175, 0.099, and 0.014, 

respectively) .

Hematocrit values for mothers were obtained from the clinic 

records. The range of hematocrit values was 27-45% and the average was 

35.8%. There was no correlation between hematocrit values for mothers 

and weight or height of children (r = 0.01 and 0.015) .
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With respect to education, 74.2% of these mothers had no 

schooling at all, 18% ha:d 2-6 years of schooling, 4.6% had 7-9 years, 

and 3% had 10-12 years of schooling. Table 14 shows that there is no 

consistent relationship between the education of the mother and the 

means of the anthropometric measurements for their children,- except in 

height and MA/HC where the 10-12 years group had slightly higher values.

Table 14. Means of the anthropometric measurements for the four groups 
at different levels of education

Number Group wt/ht Height MA/HC Hematocrit

144 None 0.1328 101.4 0.309 34.7

34 . 2-6 yrs. 0.1272 102.1 0.314 34.4

9 7-9 yrs. 0.1321 102.3 0.313 34.0

6 10-12 yrs. 0.1297 102.4 0.326 33.1 '

By analysis of variance, it was found that the difference 

between the means of wt/ht, height as a per cent of Saudi median,

MA/HC, and hematocrit, for the four groups, is not significat (Fprok = 

0.64, 0.745, 0.272, and 0.727, respectively).

Number and Spacing of Children

The number of children per mother ranged from 1-12 children, 

and the average number of children was 5 children. There was good 

correlation between number of children and wt/ht (r = 0.225). The 

larger the number of children the higher the value of ht/wt. Number of
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children is related to mother* s age which was found to correlate well 

with wt/ht as mentioned earlier. There was no correlation between 

number of children and MA/HC, height as a per cent of Saudi median, or 

hematocrit (r = 0.0025, 0.064, and 0.076, respectively). These mothers 

start having children at a very early age and continue, in most cases, 

to give birth at a space of 20 months. The spacing ranged from 1-6 

years. There was no correlation between spacing and wt/ht, height as a 

per cent of the Saudi median, MA/HC, or hematocrit (r = 0.04, 0.187,

0.19, and 0.158, respectively).

Health State of the Children

In responding to the question if the child has diarrhea, 83% of 

the children had no diarrhea at the time of the questionnaire. Ten .per 

cent were having mild diarrhea (few) and 7% were having severe diarrhea 

(many)-. On the other hand, 40.5% of the children had had diarrhea often - 

in life; 45.5% of them had had diarrhea seldom in life and 14% had no 

diarrhea at all. Those who had no diarrhea at all were mostly a few 

months old.

Seven children were having parasite problems; most of these 

cases, Giardia lamblia was the agent. Trichuris trichura and Endameba 

coli were the other two agents. There was one case of As car is.

Sickle cell anemia and glucose-6-phosphate dehydrogenase (G6PD) 

were two problems affecting the Shiite group. Twelve children had * 

sickle cell"anemia and 14 children had G5PD deficiency. In most cases 

these two problems were .associated together. -
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Birth weights, birth heights, and birth head circumferences were 

obtained from the clinic records. The average birth weight was 3.1 kgz

and the range was 2.1 to 4 kg. The average birth height was 50 cm and

the range was 45 to 57 cm. The average head circumference was 34.1 cm

and the range was 30 to 38 cm.



CHAPTER V

ANALYSIS AND DISCUSSION

The results presented in this paper suggest that there are long 

term nutritional deficiencies' in this group of children. Height and 

head circumference values were close to the NCHS standard in the first 

few months, then they declined further apart from the American standard 

(Figs. 8, 9, 11, and 12). The Saudi Arab children might be smaller in 

size due to genetic differences, but the gradual decline in growth 

clearly indicates nutritional problems. Weaning might be a major con

tributing factor in this decline. 8

Severe malnutrition is present, though not highly prevalent 

(119%) (Table 7) .when measured by MA/HC index, but it did not exist when 

measured by Gomez index. Anyway, it has been established that even when 

nutritional conditions are bad, -the prevalence of frank marasmus or 

- kwashiorkor is - usually not more than 2% of the population at risk (8).

An important problem is the marginal malnutrition the prevalence 

of which, when measured by MA/HC index, is high (50.9%) , (Table 7) . When 

measured by Gomez index, weight as a per cent of Harvard median, the 

percentage of marginal malnutrition was less (35-4%). This may be due 

to the difference in sensitivity of these two indices.

Figures 2, 3, 5, 8, and 9 showed that the Saudi children are 

significantly smaller when compared to children of similar age from the 

United States but have similar body weight when compared to children

92
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from the United States of similar heights. There are two explanations 

of that: either the Saudi children are genetically smaller or they

have chronic malnutrition which affects their height as well as their 

weight. In any case, both factors may contribute to this phenomenon. 

When the 50th percentile of weight for age for the sample was compared 

to the Saudi standard, done oh the same population during 1962-1967, 

it was clear that the Saudi children had an appreciable improvement in 

weight (Fig. 2) . Also, there was some degree of improvement in height, 

especially for males (Fig. 8a) and for females in the first and fifth 

years (Fig. 8b).

The values for triceps skin fold thickness suggest that energy 

may be a nutritional problem in these children. Seventy-four per cent 

of the children were below the 50th percentile of the Ten States 

standard (Fig. 16 and Table 9). The degree of lack of calories differs 

in these children; the younger they are the less the problem as indi

cated in the percentages of children who lie under the 50th percentile 

where 88.2% and 77.4% for females and males above 30 months while it is 

73% and 66.6% for females and males under 30 months (Table 9).

Beside the overall nutritional problems the children share, 

there are som differences between males and females, between the younger 

children and the older children, and between those with regular meal 

pattern and those without regular meal pattern.

Sex Differences

The data examined suggest that the male children were better 

off than the females. Specifically, females over 30 months were shorter



than the males of the same age• Fifty-nine per cent of the female

children were below the 10th percentile of the NCHS standard for height

for age, while 41.9% of the males were below the 10th percentile of the

same standard (Table 5) , though neither of the two sexes was above the

90th percentile of the NCHS standard. , The difference was not signifi-
2cant when chi square test was applied at 5% (the tabulated X = 3 . 8  and 

2the calculated X = 1.8). Being shorter explains the higher per cent

the females have, in weight/height scale, between the 50th to 90th

percentiles and above the 90th percentile of the NCHS standard. On 

MA/HC index, 4.5% of the female children under 30 months had severe 

malnutrition (Table 7a) , while none of the males had severe malnutrition.

The means of weight as a per cent of Harvard age-sex adjusted

median were 98.2% and 92.1% for males and females respectively. By

analysis of variance there was a good significant difference (P =

0.0027). As for height as a per cent of Harvard median, the signifi

cance was 0.015.

With respect to hematocrit values, females over 2 years had a 

higher per cent in the marginal and deficient level than the males of 

the same age (30.0% and 16.7% respectively). But that was not sig

nificant as was mentioned before. The explanation of these differences 

might be due to the fact that Saudi society has a preference for males 

over females; accordingly the female child might not have the same care 

given to the male child.
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Age Differences

Table 12 shows that 80% of the children over 30 months were

below the 50th percentile o:fthe NCHS standard for weight for age, while

it was 65.4% for children under 30 months (Table 2). Test statistics of
2chi suqare at 5% level (% = 3.8) were carried out and it was found that

there was a significant difference between the two groups - in weight *
2for age (calculated X “ 6.5).

Also, Table 5 shows that 96.9% of the children over 30 months 

were below the 50th percentile of the NCHS standard for height for age, 

while it was 78.2% for the younger children. The significant difference 

was even higher than in the case of weight for age. The calculated 

X^ = 11.6.

Hematocrit was significantly different for the two groups in 

case of the female children as was mentioned earlier. Those differ

ences might be due to the care that is given to the young children at 

the MCH clinic. Most of the children stop visiting the clinic at the 

age of three years or less unless the child is sick. Also, mothers tend 

to take care of the infants more than the older ones who are more in

dependent and more difficult to deal with especially when it comes to 

food.

On the other hand, measuring malnutrition by MA/HC index, it was 

clear that the young children had severe, moderate, and mild malnutri

tion while the older ones had only mild malnutrition (Table 6) . This 

might be due to the fact that the younger children are more susceptible 

to infectious diseases, especially diarrhea which causes wasting of the
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body. In the case of the older children, chronic malnutrition would 

have an effect on both weight and head circumference.

Regular-Irregular Meal Differences 

Regular meals had an effect on all the indices (Figs. 18, 19,

20, and 21), but the effect was greater on height for age where the 

significant difference between those who had regular meals and those 

without a regular meal pattern was 0.001. The effect of regular meal 

pattern was expected; as for its significant effect on height more than 

any other indices, this might be due to the episodes of diarrhea which 

would affect the weight gain more than height or head circumference.
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bADCE NUMBER

      /     /         /     ~
1 2  3 4 5 6 7 8 9 10 11 12 13 14

Code Number Age(months) Sex Birth M l . Birth Length Birth Read
0-F (Kilograms) (Centimeters) Circumference
1-M (Centimeters)

15 16

Weight

- /
18 19

Height

20 21

28 29 30

Arm Circumference

22 23 24

Head
Circumference

25 26 27

Skin Fold Thickness 
(Milimeters)

31 32 33 34

HematocritZ Education of the Mother 
0 - No Schooling
1 - 2  to 6 yrs. of schooling
2 - 7  to 9 yrs. of schooling
3 - 10 to 12 yrs. of schooling

35 36

Age of the Mother 
(Years)

37

Salary of the Father
0 - Less than $500
1 - Less than $1,000

more than $500
2 - More than $1,000

38 39 40

No. of No. of
Living Dead
Children Children

41 42

Age of Mother 
When She Had 
No. 1 Baby

43 44

Mother's Age When 
She Had Last Baby

45 46 47 48 49

How Feeding of Baby
Many 0 - Breast Feeding
Wives 1 - Bottle Feeding

2 - Both

What Kind 
of Milk

What Brand
0 - Similac
1 - Nan
2 - Nido
3 -.Quigoz
4 - Others

How Often is the 
Feeding
0 - As Required
1 — Scheduled Time

50 51 52 53 54 55 56 57 58

At What Age is What Kind of Solid Food Does He Has He Does He Have
Solid Food 52 - Meats, Eggs Have Had Regular Meal
Introduced 53 - Vegetables Diarrhea Diarrhea Pattern
(Months) 54 - Fruits 0 - No 0 - No 0 - No

55 — Cereals 1 — Few 1 — Seldom 1 — Yes
0 - NO 2 — Many 2 - Often
1 - YES

59 60

HbSA G6PD
0 - No 0 - No
1 - Yes 1 - Yes

61

Known
Parasites
0 - No
1 - Yes

62 63

Duration of 
Breast Feeding

64

Ethnic Croup
0 - Bedouin
1 - Other
2 - Shiat

65 66 67

Mother's Hematocrit



APPENDIX C

THE CONSENT FORM

PROJECT TITLE: NUTRITIONAL STATUS OF A SAMPLE OF SAUDI ARAM PRESCHOOL 
CHILDREN IN THE EASTERN PROVINCE

You are invited to participate in a study on the nutritional 
status of a sample' of Saudi Arab children in the Eastern province.
This study is designed to obtain information on feeding patterns of 
infants and children, and to compare the growth of children reared on 
these dietary regimens with standards developed by international 
agencies such as. The World Health Organization and the Food and 
Agricultural Organization. Information obtained from these studies 
may indicate the nutritional status of children.

Information to be obtained about your child will include the 
following measurements: height, weight, head circumference, and skin
fold thickness. Blood values will be obtained from the hospital 
records.

If you decide to participate, approximately 30 minutes will 
— "-r- •' be needed to -make the ̂ measurement and to talk with you about your child ~

and his or her eating patterns. You will be free to ask questions and 
to volunteer information you consider relevant. You are also free to 
withdraw your child at any time. The information you provide and 
data from the measurements will be treated confidentially. The 
identity of participants and individual children will not be disclosed

- in any publications or releases of information to the media. For -
analyses of the data your child will be given a code number. The
results of the study will be made available to the Saudi government 
for planning of health programs.

CONSENT

I ____;____________________ __________ have read the above and

authorize the participation of my child .___________________ as a

subject in the nutrition evaluation studies conducted by Monirah - 

Abaheseen. The nature and purpose of the survey has been fully 

explained to me. I understand that there will be no cost to me or my

1 0 0



1 0 1

family; further that there will be no risk to my child's health or 

welfare; and that participation in these studies will not affect 

either my child's or my medical care.

Signature (mother) ____________

Date

Signature (Interviewer) 

Date
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