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Abstract
Objective: To identify risk factors for variation in serum retinol levels in children
younger than 2 years of age in a rural South African community.
Design: Children (n = 97), 6±24 months of age, were divided into two groups
according to their serum retinol levels, using 20 mg dl-1 as the cut-off point. The chi-
square test, Fischer exact two-tailed test and analysis of variance were used to identify
related variables which were signi®cantly different between the two groups. To
evaluate simultaneously the association between several potential risk factors and
low serum retinol levels, a multiple regression model for categorical data was
developed which included potential risk factors that were statistically signi®cant in
the bivariate analysis as the independent variables, and either low or normal vitamin
A status as the dependent variable.
Results: There was an association between serum retinol levels and: (i) the place of
birth (hospital vs. home deliveries); (ii) the attitude of the care-giver towards family
life; and (iii) the health status of the child. Although not included in the multiple
variable model because of small numbers, all children who had a previous episode of
measles, all underweight children, and all children of widowed care-givers were in
the low serum retinol group.
Conclusions: The care-giver's attitude towards family life was positively associated
with the child's vitamin A status, while home deliveries were associated with a low
vitamin A status.
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Vitamin A de®ciency is a signi®cant public health problem

in many countries in the developing world and night

blindness is possibly its earliest clinical manifestation.

Although South Africa does not have a high prevalence of

night blindness, subclinical vitamin A de®ciency has been

de®ned as a public health problem in preschool children,

especially among children living in the rural areas1.

Vitamin A de®ciency can be successfully addressed in

the short term by periodic delivery of large doses of

vitamin A2 and, in some situations, by food forti®cation3.

In most developing countries, however, long-term

prevention must rely on efforts to improve the quality of

the local diet. For this, knowledge of dietary patterns is

needed to target nutrition information to groups where

needed. The relationship between food intake and mal-

nutrition is, however, complex as indicated in UNICEF's

conceptual model for child nutrition. In this model, the

immediate causes of malnutrition (inadequate dietary

intake and diseases) are in¯uenced by three underlying

factors, namely: (i) household food security; (ii) maternal

and child care; and (iii) health services and environment4.

The objectives of intervention programmes should be

to discourage behaviours that are associated with poor

nutritional status, and to promote behaviours that are

associated with good nutritional status. For the develop-

ment of appropriate interventions to address vitamin A

de®ciency, identi®cation of both positive and detrimental

practices in¯uencing the vitamin A status is needed.

Positive and negative deviances are not necessarily mirror

images of each other, and their determinants may be

different.

In South Africa, as elsewhere, many children in poor

households grow and develop normally, whereas others do

not. These successful caring behaviour and support

systems within the household and community may provide

guidance in designing programmes in these communities.

Children presenting with clinical signs of vitamin A

de®ciency (e.g. night blindness) represent only a small

proportion of children at risk for vitamin A-preventable

morbidity and mortality, as many children present with

subclinical vitamin A de®ciency. Although epidemiologi-

cal studies have shown associations between dietary

practices, sociodemographic variables and occurrence of

xerophthalmia5 and night blindness6, few studies7,8 have

reported on the associations between blood vitamin A

levels, dietary practices and sociodemographic variables.
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These factors usually vary according to local conditions,

and can not be generalized.

The objective of this study was to identify demographic

and socioeconomic risk factors and child care character-

istics associated with variation in serum retinol levels in

children aged 6±24 months in a rural South African

community with a high prevalence of subclinical vitamin A

de®ciency9. This information could be used to identify

groups at risk of vitamin A de®ciency prior to the devel-

opment of clinical signs, and to select the best means for

combating this nutritional problem through policies and

programmes designed to improve the nutritional status of

children.

Methods

The study population resided in Ndunakazi, a mountain-

ous rural area approximately 60 km from the coastal city

of Durban in KwaZulu-Natal, South Africa. All children

between 6 and 24 months of age who attended commun-

ity-based growth-monitoring points (called Isizinda*)10

were recruited. (From data obtained from house-to-

house visits it is estimated that most children attend the

Isizinda). The response rate was 79%.

Venous blood (5 ml) was obtained from 97 children by

venepuncture by a paediatrician. Blood was processed

and stored at -808C until assayed. Serum retinol levels

were determined by reversed-phase high-performance

liquid chromatography (HPLC), based on the method

described by Catignani and Bieri11.

Anthropometric evaluation of the nutritional status of

the children was assessed with regard to body weight and

length as described by Jelliffe and Jelliffe12. Weight was

measured to the nearest 0.05 kg on a load cell-operated

digital scale (UC-300 Precision Health Scale). Recumbent

body length was measured to the nearest 0.1 cm on a

measuring board ®tted with a measuring tape, a ®xed

headboard and a movable foot plate. The date of birth was

obtained from the child's clinic card. The anthropometric

data and age of the child were used to yield three

measures of nutritional status: height-for-age, weight-for-

age and weight-for-height.

The mother (n = 71) or principal caretaker (a member

of the household, usually the grandmother of the child;

n = 26), in whose care the child was during the day, was

interviewed by a nutrition monitor (local people trained

for the project) in her mother tongue (Zulu) using a

structured questionnaire. The questionnaire was designed

to collect information on socioeconomic conditions,

demographic factors, household food security, health

status and dietary and health care practices using the

guidelines of Gross et al.13. Indicators of psychosocial care

were the care-giver's knowledge of vitamin A, education,

food beliefs, health status and social support received

from family and the community. An unquanti®ed food

frequency questionnaire (previously tested and used in

the same area) was used for qualitative assessment of the

adequacy of food intake. Food items were listed, with

space for the recording of additional food items consumed

but not listed. To record the frequency of consumption of

the food items listed, the participants had a choice of ®ve

options: (i) every day; (ii) most days (not every day, but at

least 4 days per week); (iii) once a week (at least once a

week, but less than 4 days per week); (iv) seldom (less

than once per week); and (v) never.

Informed consent was obtained from the mother or

principal caretaker (hereafter collectively referred to as

care-givers) of the children.

Statistical analysis

Anthropometric data were analysed with Epi-Info 5 using

the US National Center for Health Statistics (NCHS) growth

reference data14, and expressed as Z-scores for each of the

anthropometric indices of malnutrition. Children were

de®ned as: (i) stunted or chronically undernourished if

height-for-age Z-scores were below -2 SD of the median

of the reference population; (ii) underweight if weight-

for-age Z-scores were below -2 SD of the median of the

reference population; (iii) wasted or acutely under-

nourished if weight-for-height Z-scores were below -2 SD

of the median of the reference population; and (iv)

overweight if weight-for-height Z-scores were above 2 SD

of the median of the reference population. The children

were divided into two groups, namely low (serum retinol

, 20 mg dl-1; n = 38) or normal (serum retinol > 20 mg dl-1;

n = 59).

In the bivariate analysis, variables that were statistically

signi®cant between the two groups were identi®ed.

Statistical comparisons of proportions were carried out

using the chi-square test. For 2 ´ 2 tables in which one or

more observed frequencies per cell were less than ®ve, the

Fischer exact two-tailed test was used. Analysis of variance

was used to compare the means between the two groups.

To evaluate simultaneously the association between

several potential risk factors and low serum retinol levels,

a multiple variable regression model for categorical data

was developed which included potential risk factors that

were statistically signi®cant in the bivariate analysis as the

independent variables, and low or normal serum retinol

levels as the dependent variable.

The SAS statistical programme (version 6.12) was used

for statistical analysis. The 0.05 probability level was used

to determine statistical signi®cance.

Results

Population characteristics

The prevalence of low serum retinol levels (, 20 mg dl-1)

was 39.2%, with a mean (SD) serum retinol level in the

* Community-based growth-monitoring points established in 1995
by the Medical Research Council, in close collaboration with the
community.
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whole group of 22.1 (6.5) mg dl-1. Birth weights (obtained

from the clinic cards) were available for 69 of the 75

children born in a hospital. The mean (SD) birth weight

was 3163 (355) g and the prevalence of low birth weight

(, 2500 g) was 2.9%. Characteristics of the two groups

(low and normal serum retinol levels) are listed in Table 1.

The mean age for the two groups did not differ. There was

no signi®cant difference in the mean serum retinol levels

by gender.

The overall study population had a negative Z-score for

height-for-age, indicating a shift towards a slowing in linear

growth according to international criteria. Signi®cantly

more children were underweight (Z-score , -2 SD for

weight-for-age) in the low serum retinol group. None of

the children was wasted (Z-score , 2 SD for weight-for-

height).

Household sociodemographic information

Household demographic characteristics were similar

between the two groups. The median (range) household

size was 8 (2±18) members, with a median of 4 (1±10)

adults; 38.1% of households had 10 or more members.

Of those households represented in the study, 61.9%

had access to a pit toilet, and 53.6% had access to tap

water. Although electricity was available for 54.7% of the

households, the main energy source for food preparation

was wood, with more than 70% of the households using an

open ®re inside the dwelling. Although not signi®cantly

different (P = 0.068), it is worthwhile to note that 81.6% of

children in the low serum retinol group were from

households who made ®res inside the dwelling, versus

64.4% in the normal serum retinol group.

The household's socioeconomic level is based on a

composite measure of the living standards of the house-

hold. For this study, the standard-of-living index was

derived by summing the following four components:

access to tap water for drinking, access to a pit toilet,

presence of electricity, and ownership of a radio. In each

case the component was scored 1 if the household had the

item, and 0 if it did not. The household standard-of-living

index ranged from 0 to 4. The average (SD) index for the

total population was 2.5 (1.2), with no signi®cant difference

between the two groups, 2.6 (1.2) and 2.4 (1.2) in the low

and normal serum retinol groups, respectively.

The care-givers were asked to consider a set of 11

problems which households normally experience. They

were asked to rate the extent to which they felt that their

household was affected by each of these problems.

`Severe' was given a score of 3, `moderate' a score of 2,

`minor' a score of 1, and `none' a score of 0. The calculated

average (SD) score of 0.15 (0.24) for the total group, with

no signi®cant difference between the two groups, showed

that problems within the household were not perceived as

major.

Table 1 Characteristics of the children according to serum retinol levels, using 20 mg dl-1 as the cut-off
point

All , 20 mg dl-1 > 20 mg dl-1

(n = 97) (n = 38) (n = 59)

Age in months
mean (SD) 15.1 (6.9) 15.2 (8.7) 15.0 (5.2)
95% con®dence interval 13.7; 16.5 12.4; 18.0 13.7; 16.3

Serum retinol in mg dL-1

mean (SD) 22.1 (6.5) 15.7 (3.0) 26.2 (4.6)***
95% con®dence interval 20.8; 23.4 14.7; 16.6 25.0; 27.4

Gender
% boys (95%CI) 51.5 (41.6; 61.4) 55.3 (39.5; 71.1) 49.1 (36.4; 61.8)
% girls (95%CI) 48.5 (38.6; 58.4) 44.7 (28.9; 60.5) 50.9 (38.2; 63.6)

Position of child in family
% ®rst born (95%CI) 43.3 (33.5; 53.1) 34.2 (19.1; 49.3) 49.1 (36.3; 61.9)
% 2nd±4th child (95%CI) 40.2 (30.4; 50.0) 42.1 (26.4; 57.8) 39.0 (26.6; 51.4)
% > 5th child (95%CI) 16.5 (9.1; 23.9) 23.7 (10.2; 37.2) 11.9 (3.6; 20.2)

Anthropometric values
Height-for-age Z-score

Mean (SD) -0.97 (0.97) -0.94 (1.09) -0.98 (0.89)
95%CI -1.16; -0.78 -1.29; -0.59 -1.21; -0.75
% stunted (95%CI) 10.4 (4.3; 16.5) 13.5 (2.7; 24.3) 8.5 (1.4; 15.6)

Weight-for-age Z-score
Mean (SD) -0.12 (1.07) -0.26 (1.18) -0.01 (1.00)
95%CI -0.33; 0.09 -0.63; 0.11 -0.26; 0.24
% underweight (95%CI) 3.1 (1.0; 8.5) 8.1 (1.6; 21.8) 0.0 (0; 6.5)*

Weight-for-height Z-score
Mean (SD) 0.74 (1.01) 0.54 (1.00) 0.86 (1.00)
95%CI 0.54; 0.94 0.22; 0.86 0.61; 1.11
% wasted (95%CI) 0.0 (0; 3.8) 0.0 (0; 8.8) 0.0 (0; 6.5)
% overweight (95%CI) 7.3 (3.2; 14.8) 5.4 (0.6; 18.2) 8.5 (1.4; 15.6)

Difference between the normal and low serum retinol group: *P , 0.05; ***P , 0.001.
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Food used in the household

There was no signi®cant difference between the two

groups regarding the regular sources of food for the

household. Food was mainly bought from the local shops,

supplemented by some food grown in either their own

home garden or a communal garden. Only 4.1% of

households received food from a welfare or non-

governmental organization.

Food items usually bought by more than 50% of the

care-givers were maize meal (97.9%), beans (96.9%), sugar

(94.6%), potatoes (91.8%), rice (90.7%), ¯our (85.6%), oil

(75.3%), samp (71.1%) and tea (58.8%). Vegetables were

bought by 29.9% of the care-givers. Signi®cantly more

care-givers in the low serum retinol group bought fruit and

fresh milk as compared to the normal serum retinol group

(13.2% vs. 0% for fruit; and 13.2% vs. 1.7% for fresh milk).

There was no difference between the two groups in the

livestock owned by the households. For the total study

population, 34.0% owned cattle, 22.7% slaughtered cattle

and 12.4% milked the cows. Goats were owned by 44.3%

and 30.9% slaughtered goats, while only 2.1% milked the

goats. Chickens were owned by 68.0%; 64.9% slaughtered

chickens and 49.5% used eggs laid by the chickens.

The prevalence of home gardens was 44.3% (36.8%

and 49.2% for the low and normal serum retinol groups,

respectively). There was no signi®cant difference in the

food grown in the home gardens between the two groups.

The following b-carotene-rich fruits and vegetables were

grown in the home gardens: pawpaw (12.4%), pumpkin

(34.0%), imi®no* (27.8%) and carrot (8.2%).

There was no signi®cant difference in the percentage of

households getting food from a communal garden (13.5%

and 20.7% for the low and normal serum retinol groups,

respectively). The following b-carotene-rich fruits and

vegetables were obtained from a communal garden: carrot

(12.4%), imi®no (11.3%), pumpkin (7.2%) and pawpaw

(1.0%).

Household food security was determined using the

hunger scale of the Community Childhood Hunger Iden-

ti®cation Project (CCHIP)15. The scale consists of eight

items, and food insecurity is indicated by ®ve or more

positive responses. Using this scale, 10.5% and 12.3% of

households in the low and normal serum retinol groups,

respectively, were classi®ed as household food insecure.

* A dark green leafy vegetable.

Table 2 Breastfeeding and weaning practices according to serum retinol levels

All , 20 mg dl-1 > 20 mg dl-1

(n = 97) (n = 38) (n = 59)

Initiated breastfeeding (%) 97.9 100.0 96.5
Stopped breastfeeding during ®rst year (%) 18.6 10.5 23.7
Introduction of solids before 4 months (%) 45.8 45.9 45.7

Frequency of usual intake of foods
rich in vitamin A and b-carotene (%)
Breast milk

Every day 66.7 70.6 64.3
Never 33.3 29.4 35.7

Formula milk
Every day 21.1 14.7 25.0
Most days 1.1 2.9 0.0
Never 77.8 82.4 75.0

Egg
Most days 3.3 8.8 0.0
Once a week 6.7 8.8 5.4
Seldom 72.2 58.8 80.4
Never 17.8 23.5 14.3

Carrot
Once a week 2.2 0.0 3.6
Seldom 11.1 11.8 10.7
Never 86.7 88.2 85.7

Pumpkin
Most days 65.6 52.9 73.2
Once a week 27.8 35.3 23.2
Seldom 5.6 8.8 3.6
Never 1.1 2.9 0.0

Imi®no
Most days 1.1 0.0 1.8
Once a week 21.1 26.5 17.9
Seldom 35.6 29.4 39.3
Never 42.2 44.1 41.1

Spinach
Once a week 2.2 2.9 1.8
Seldom 42.2 32.3 48.2
Never 55.6 64.7 50.0

Child ate a food rich in vitamin A or
b-carotene the day prior to the interview 53.6 42.1 61.0
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Child feeding patterns

Breast-feeding and complementary feeding practices are

indicated in Table 2. Since two-thirds of the children were

still being breast-fed at the time of the survey, the mean

duration of breast-feeding was not calculated. However, in

the low serum retinol group 10.5% of infants were taken

off the breast before their ®rst birthday, versus 23.7% in the

normal serum retinol group.

None of the children was introduced to solid foods

during the ®rst 2 months after birth. There was no signi®-

cant difference between the two groups in the type of ®rst

food, with the majority (76.3%) of the mothers giving

maize meal porridge ®rst.

The unquanti®ed food frequency questionnaire showed

no marked differences between the two groups regarding

foods given routinely to the children. Staple foods

consumed by most of the children were bread, maize

meal porridge, rice and potatoes. Infant cereals were

consumed by 11.1% of the children. Meat and chicken

were consumed by approximately half of the children,

once a week. Fish was seldom consumed. Fruits con-

sumed were mostly oranges and bananas, which were

both consumed once a week. Mango and pawpaw, both

good sources of b-carotene, were not consumed by any of

the children. The frequency of intake of foods rich in

vitamin A and b-carotene is shown in Table 2. Liver was

consumed by 8.9% of the children, although seldom.

Care-givers were asked whether the child consumed

either liver, eggs, dark green leafy vegetables or a yellow

fruit/vegetable the previous day. Although not statistically

signi®cant, there was a trend for more children in the

normal serum retinol group to have eaten at least one of

these food items the previous day, as compared to the

children in the low vitamin A group (61.0% vs. 42.1%).

Child's health status and health care practices

There was no difference in the sources of information on

health care and nutrition between the two groups. For the

total study population, care-givers obtained information

on nutrition and health care from the Isizinda (87.6%),

clinic (81.4%), radio (49.5%), friends (4.1%), newspapers

(3.1%) and family (3.1%).

Health care practices are indicated in Table 3. Home

deliveries (birth weights unavailable) were associated with

a poor vitamin A status. Although not statistically signi-

®cant (P = 0.0576), there was a tendency for children in the

normal serum retinol group to attend the Isizinda more

often. More children in the low serum retinol group were

taken to the clinic because they were ill during the month

prior to the study, indicating children in the normal serum

retinol group had a better health status. All the children

who had experienced a previous episode of measles were

in the low serum retinol group.

Diarrhoea disease is directly related to the quality of

water and sanitation services, as well as behaviours that

are embodied in various sanitation and hygiene practices.

Thus, occurrence of diarrhoea can be treated as an

indicator of hygiene and sanitation conditions. There

was no difference in the prevalence of diarrhoea between

the two groups. Overall, 19.3% of children had diarrhoea

during the 2-week period prior to the survey. There were

no signi®cant differences between the two groups for

dietary adjustments made or treatment given when the

child experienced an episode of diarrhoea.

Indicators of psychosocial care

A wide range of maternal characteristics can potentially

in¯uence the nutritional status of the child. The average

(SD) age of the care-givers was 28.8 (9.2) years (range:

14.2±53.4 years), with no signi®cant difference between

the two groups. For the sample of mothers (n = 71) only,

they have given birth approximately three times by the age

of about 27 years. Characteristics of the care-givers are

given in Table 4. All the study children in the care of

widowed care-givers were in the low serum retinol group.

There was no signi®cant difference in the self-reported

health status of the care-giver. Nearly 90% (88.2%) of the

care-givers reported that they were seldom sick or never

sick.

The care-giver's attitude towards family life, which was

used as one of the indicators of psychosocial care, was

found to be signi®cantly different between the two

groups. The women spent little time away from their

own homes, for example on average, the care-givers

reported visiting friends or relatives outside the village less

than once in the past year.

The care-givers were asked how much support they got

from family and non-family in times of dif®culty. `A lot'

was given a score of 2, `a little' a score of 1 and `nothing' a

score of 0. The average score for support was 0.4 6 0.2 for

both groups separately. In times of dif®culty, support is

usually given by other household members, and to a lesser

extent by family members who are not part of the

household. Little support was given by neighbours and

Table 3 Health care practices and health status of the child
according to serum retinol levels

All , 20 mg dl-1 > 20 mg dl-1

(n = 97) (n = 38) (n = 59)

Place of birth
Hospital (%) 77.1 63.2 86.2**
Home (%) 22.9 36.8 13.8

Number of visits to Isizinda 7.3 (2.8) 6.6 (2.6) 7.8 (2.8)
during previous year (SD)
During the last month, the
child was taken to:

doctor (%) 23.8 26.7 22.2
clinic (%) 17.9 33.3 9.3**
mobile clinic (%) 9.5 13.3 7.4
traditional healer (%) 3.6 6.7 1.8
hospital (%) 4.8 3.3 5.6

Previous episode of measles 4.3 11.0 0.0*
(%)

Difference between the normal and low serum retinol group: *P < 0.05;
**P < 0.01.
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friends, with hardly any support from community organ-

izations, welfare organizations or the church.

The care-givers were asked to name three food items

which are good sources of vitamin A; 15.5% of the care-

givers did not attempt to name any food as they did not

know. The rest listed a total of 27 food items, of which 10

were good sources of vitamin A. Foods rich in vitamin A

listed by the care-givers were (with the percentage of care-

givers naming the food item in brackets): imi®no (37.1%),

pumpkin (26.8%), carrot (13.4%), egg (8.2%), butternut

(7.2%), spinach (5.1%), milk (3.1%), sweet potato (2.1%),

liver (1.0%) and mango (1.0%). The percentage of care-

givers who could name either one, two or three correct

food items is shown in Table 4. Although there was no

statistically signi®cant difference between the two groups,

there was a tendency for care-givers in the normal serum

retinol group not to be able to name any foods rich in

vitamin A. There were no cultural-speci®c food taboos and

beliefs regarding feeding of the young child in this

community.

Multivariate analysis

A multiple variable regression model was developed using

the variables that were found to be statistically signi®cant

in the bivariate analysis. However, being underweight,

having measles and being widowed were not included in

the model because of small numbers. When controlling

for each of the others, three variables were statistically

signi®cant, namely: the attitude of the care-giver towards

family life (P = 0.0023), the place of birth (P = 0.0184) and

whether the child was taken to a clinic for an illness during

the previous month (P = 0.0231). There was no interaction

between any of the variables included in the model;

therefore, only the main effects are reported.

Discussion

The 39.2% prevalence of serum retinol levels , 20 mg dl-1

indicates that subclinical vitamin A de®ciency is a problem

of public health signi®cance in this rural South African

community. With one out of three preschool children

having serum retinol levels , 20 mg dl-1, the rates are

similar to the national level (33%)1.

In this low socioeconomic rural community we iden-

ti®ed three main factors associated with vitamin A status

of children aged 6±24 months. The fact that a higher

proportion of children taken to a clinic because of an

illness during the month prior to the survey were in the

low serum retinol group suggests an association between

health status and vitamin A status. The fact that all children

who had experienced a previous episode of measles and

all underweight children were in the low serum retinol

group supports this.

Although not statistically signi®cant, there were a few

practices which could in¯uence the child's health status

that tended (P , 0.1) to be associated with variation in

serum retinol levels. The smoke of an open ®re made for

cooking purposes inside the dwelling pollutes the air

which could affect the child's health, especially regarding

upper respiratory tract infections. Children in the normal

serum retinol group were brought to the Isizinda for

regular growth monitoring more often than children in the

low serum retinol group. Besides regular growth monitor-

ing, health and nutrition education at the Isizinda focuses

on, for example, breast-feeding, complementary feeding

and diarrhoea ± all of which can in¯uence the vitamin A

status of a child. In this community, regular attendance at

the Isizinda is recommended and is indicative of the caring

capacity of the care-giver.

The care-giver's expression of `satisfaction with her

family life', which was used as one of the indicators of

psychosocial care, was found to be the key maternal

indicator for child serum retinol levels. This is an important

observation, since the care-giver's emotional well-being

can in¯uence the quality of care she can provide. In both

Bangladesh16 and Mexico it has been shown that mothers

that were rated as `happy' had the best nourished

children17. In addition, social networks, both as a source

of information and support to the mother, are expected

to be bene®cial for her care-taking ability. Women in rural

areas in South Africa spend little time away from their

own homes. This is shown by the fact that, on average, the

Table 4 Characteristics of the care-givers according to the child's serum retinol levels

All , 20 mg dl-1 > 20 mg dl-1

(n = 97) (n = 38) (n = 59)

Marital status
Married (%) 34.0 26.3 39.0
Unmarried (%) 59.8 57.9 61.0
Widowed (%) 6.2 15.8 0.0**

5 years or less formal education (%) 34.3 40.5 30.6
Positive attitude towards family life (%) 48.8 26.3 62.7***
Number of vitamin A-rich foods listed

None (%) 37.1 29.0 42.4
One (%) 28.9 29.0 28.8
Two (%) 27.8 31.6 25.4
Three (%) 6.2 10.5 3.4

Difference between the normal and low serum retinol group: **P < 0.01; ***P < 0.001.
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care-givers reported visiting friends or relatives outside the

village less than once in the past year.

This study also showed that, in this rural community,

children who were born at home were more likely to

present with low serum retinol levels. This is an important

observation, especially in the African context. In this

community it is estimated that approximately 21% of

children are born at home. The mothers of these children

usually receive no antenatal or postnatal care at a health

facility. Traditional midwives, local women with little

formal education, are usually involved in the delivering of

the babies. Although little data are available on the myths

and rituals associated with home deliveries, we have

previously shown that children in this community who

were born at home were generally put on the breast for the

®rst time the day after birth18. This practice deprives the

infant of the full bene®t of the protection against various

enteric infections provided by the antibodies in the

colostrum. Nutritional practices associated with home

deliveries should be further investigated.

All the children in the care of widowed care-givers were

in the low serum retinol group. Although not signi®cant in

the multivariate analysis model, this should not be over-

looked, as evidence from Ghana indicated that the level of

per capita consumption is substantially lower in house-

holds headed by divorced and widowed women than in

those headed by married women19.

Although we could not show an association between

dietary practices and vitamin A status, this aspect should

not be ignored since a strong association between serum

vitamin A levels and the frequent consumption of foods

rich in b-carotene and vitamin A has been reported20. The

appropriate lack of association between dietary practices

and vitamin A levels found in our study could be because

of small sample size, or monotonous dietary practices.

A study on primary school children in the same area

showed that these children consumed a diet very low in

vitamin A content21. Increased intake of food items rich in

b-carotene and vitamin A should be promoted by all

means possible. In order to increase the availability of

b-carotene-rich foods, the Medical Research Council is in

the process of developing a targeted community-based

food production programme.

Although care-givers of children in the low serum

retinol group bought signi®cantly more fruit, it is unlikely

that this could affect the serum retinol levels, since the fruit

consumed by the children were mainly oranges and

bananas, both poor sources of vitamin A. The higher

percentage of care-givers in the low serum retinol group

buying fresh milk would also not affect the serum retinol

levels of the children, as we have previously indicated that

fresh milk is seldom consumed by children in this age

category in this community18. Low income not only

restricts the ability to buy foods rich in protective nutrients

but also limits the access to food retailers where healthy

food can be purchased more cheaply. The people rely on

public transport to move in and out of the area. They rely

on the local shop for many of their food purchases. Food

in the local shop is often more expensive than in the big

supermarkets in the cities, and the variety of available food

items is limited.

In summary, this study showed that children who are in

the care of widows, who are underweight, who previously

had measles, who are taken to the clinic because of an

illness, or who are born at home, are at risk for low vitamin

A status. Interventions should address, amongst others,

home/hospital deliveries, and therefore ante- and post-

natal care; regular growth monitoring; and food prepara-

tion methods (open ®re inside the dwelling).

Although long-term prevention of vitamin A de®ciency

should rely on efforts to improve the local diet, micro-

nutrient malnutrition should not be viewed as an isolated

health problem. Approaches aimed at improving vitamin

A status should include interventions directed to environ-

mental and health-associated behavioural factors. Although

some factors associated with low vitamin A status (e.g.

widowed care-giver) cannot be changed, they can be used

as markers for children likely to be at risk.
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