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Abstract

Little is known about dietary diversity of children residing in areas of high HIV prevalence. This
study examined dietary diversity in 381 children ages 6—24 mo in rural South Africa. Twenty-eight
(7.3%) children and 170 mothers (44.6%) were HIV infected. Home visits were conducted weekly
and a detailed history of dietary intake obtained. A dietary diversity score was computed based on
the weekly consumption of 8 food classes. Low dietary diversity was defined as falling within the
lowest quartile of the diversity scale. There were 22,772 child weeks of observation: 1369 for HIV-
infected children, 8876 for HIV-uninfected children born to HIV-infected mothers, and 12,527 for
HIV-uninfected children born to HIV-uninfected mothers. Low dietary diversity was more common
in HIV-infected children [crude odds ratio (OR), 2.59; 95% Cl, 1.52 to 4.41) compared with children
born to HIV-uninfected mothers. In a multiple logistic regression analysis adjusting for
socioeconomic and health status, HIV-infected children had lower dietary diversity (conditional OR,
1.76; 95% ClI, 1.06 to 2.94) than HIV-uninfected children. HIV-infected children consumed less in
6 of 8 food classes compared with HIVV-uninfected children, with the 2 exceptions being breast milk
and formula milk. In rural South Africa, HIV-infected children's diets are significantly less diverse
than those of HIV-uninfected children. This may be a factor contributing to increased morbidity and
poorer survival in these children.
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Introduction

Childhood malnutrition remains a problem in Africa. This is in part because of the
homogeneous postweaning diet, which in many areas of Africa consists mainly of diluted
porridges (1). HIV infection may exacerbate this problem. In addition to directly affecting the
nutritional status of children with HIV infection, it can also cause social and family disruption,
thereby contributing to household economic and food insecurity (2).

Current WHO-United Nations Children's Fund recommendations are that HIV-infected women
and women with unknown HIV status not breast-feed their child after 6 mo if safe and
sustainable alternatives are available. Dietary diversity, the consumption of an adequate variety
of food groups, is an aspect of dietary quality and can be considered an indicator of general
nutritional adequacy. Low dietary diversity has been associated with specific nutrient
deficiencies (3) and with stunting, an important health indicator, independently of
socioeconomic status (4). Dietary diversity is endangered if breast-feeding is abruptly replaced
by poor replacement feeding (5). Itis therefore important to have knowledge of dietary diversity
in areas where HIV is highly prevalent.

Measuring dietary diversity can, however, be difficult. It is especially difficult to determine
dietary patterns over time. Determination of longitudinal dietary patterns is important for
infants and young children, because they should be moving rapidly from a predominantly milk-
based diet to a diet with increasingly diverse complementary foods.

The dietary assessment tools most often used in epidemio-logical studies of diet are cross-
sectional, e.g. 24-h recall and FFQ. Indices of dietary quality and variety in infants and children
have been developed, but these instruments tend to be detailed and thus their iterative use to
determine long-term diet becomes time consuming and costly (6-8). If long-term diet is to be
determined, there needs to be a balance between the frequency and the detail of the assessment
that is done. In this study, we used a locally adapted dietary questionnaire that listed only foods
most commonly consumed in the area, rather than all possible foods, and categorized them into
8 common food types. This simplification of the questionnaire allowed us to administer it
weekly at homes of the children enrolled in the study and to determine daily food intake of
these children.

This study used these tools to describe the dietary diversity of 381 children living in an area
of very high HIV prevalence and analyzed the effect of HIV infection in children and mothers
on dietary diversity.

Subjects and Methods

Study area

The study was conducted in rural northern KwaZulu-Natal Province, South Africa. The study
area consists of scattered homesteads, with the exception of a small black township that is
adjacent to a market and sugar mill town where, under apartheid, residence had been restricted
to whites. Median household incomes are less than one-half the national average, 80% of the
population lives below the national poverty line, and unemployment among adults is 75%
(9). Eighty percent of the population lack access to electricity or clean water in their homes
(10). As a consequence of colonial and apartheid policies, there is little subsistence farming in
this area despite 98% of households being categorized as rural. Food insecurity within
households is common (9). The main source of income is from migrant labor and old-age
pensions from the government. Antenatal HIV prevalence in KwaZulu-Natal Province is 39%
(112).
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Study subjects

This study reports on 381 children who were part of a randomized trial examining the efficacy
of 3 micronutrient supplements, given daily from 6 to 24 mo of age, in reducing diarrhea and
respiratory disease prevalence (12,13). The 3 supplement groups were: vitamin A alone,
vitamin A plus zinc, and multiple vitamins and minerals, including vitamin A and zinc. Three
cohorts of children were included in the study: 28 children were HIV infected; 142 were HIV-
uninfected children born to an HIV-infected mother; and 211 were HIV-uninfected children
born to an HIV-uninfected mother. Nearly all mothers knew their child's HIV status, but none
of the children were receiving antiretroviral therapy. Although it is possible that some of the
142 HIV uninfected children from HIV-infected mothers seroconverted, this group was
analyzed “as initially classified” based on the premises that only a small portion of vertical
transmission of HIV is detected after age 6 mo of age and that breast-feeding declines rapidly
after age 6 mo in this population. Study subjects were enrolled at 1 of 5 government primary
health care clinics and were excluded if they had received vitamin or mineral supplements in
the 3 mo before enrolment, if they intended to breast-feed exclusively beyond the age of 6 mo,
if they had persistent diarrhea, or if they were severely malnourished (<60% of median weight-
for-age using the National Center for Health Statistics standards) (14). At enrolment, study
nurses counseled all mothers on breast-feeding and complementary feeding.

Collection of dietary data

Before the start of data collection, 17 fieldworkers received intensive training on interview
skills and questionnaire completion. Refresher training was conducted every 2 mo.
Fieldworkers administered morbidity and dietary questionnaires at weekly home visits. If an
informant was not available for the scheduled visit, a follow-up visit was made the same week.
If both visits were unsuccessful, then dietary information was obtained at the next weekly
scheduled visit for which an informant was available. Dietary information was obtained for up
to 28 d after the day for which information was sought.

Similar to a standard FFQ, the questionnaire used in this study contained a list of specific foods
thought to be important components of the diet of children in this region (Table 1). Instead of
reporting usual frequency, however, we asked the caregiver about consumption of these foods
on each day since the last visit. All foods were asked about separately. Foods that were
consumed but not listed in the questionnaire were also recorded. We also asked mothers to
complete food diaries. The diaries had pictures of breast milk, fruits, vegetables, formula milk,
cereals, and a picture of a plate with a typical family dish. Mothers were requested to complete
the diary daily and the diaries were used as a reminder during the dietary interview.

Data handling

The data system used and the data quality obtained in the study have been described in detail
elsewhere (13,15). Briefly, data were entered into a Structured Query Language database
(16) using an electronic image recognition and translation system (17). This software permits
internal validation checks before entry into the electronic database. Data that were not valid
were queried and only entered into the database after resolution of the query. Remaining errors
were screened and when possible corrected during postentry data cleaning.

Measurement reliability of food items was mostly good (13). For example, intra- and
interobserver reliability for consumption of breast milk were excellent (all k values >0.85).
For previous-day consumption of fruits, the intraobserver k was 0.94 (excellent), but the
interobserver k was 0.53 (weak).
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Dietary diversity assessment

Foods were grouped into 8 classes based on similarities in nutrient content and source (Table
1). For each child observation week, we computed a raw (unadjusted) diversity score based on
consumption of foods from the 8 predefined food classes. The unadjusted diversity score was
calculated as a percentage of the maximum food diversity that could occur in a week, with the
maximum diversity being defined as consumption of each of the 8 food categories every day.
A value of 0 meant that since the last visit the child had eaten nothing from any of the 8 food
groups; a value of 100 meant all 8 food groups had been consumed every day.

To adjust for the potential effects of age, sex, and season, we computed a dietary diversity Z-
score, using the internal age, sex, and seasonal distribution of raw score values as a reference.
The modeling of the distributions was conducted using the LMS method (18) and Growth
Analyzer software (19).

Data analysis and statistical methods

Cross-sectional associations with weekly dietary diversity—To assess how dietary
diversity changes with age, we calculated median and quartiles of unadjusted diversity in 3-
mo age groups from 6 to 24 mo. We evaluated the contribution of individual food classes to
changes in food diversity by plotting age trends of frequency of consumption of specific food
classes and tabulating frequency of consumption of specific food classes for weeks with low
diversity (defined as unadjusted dietary diversity in the lowest quartile) and weeks with higher
diversity (top 3 quartiles). We used the Kruskal-Wallis test to determine the significance of
differences in raw diversity scores between age groups, sexes, and seasons.

In a cross-sectional analysis, we examined the association of HIV status and other potential
predictors with low weekly dietary diversity as an outcome. This was done independent of age,
sex, and season by using the adjusted diversity Z-scores calculated as described. Low diversity
was defined here as falling within the lowest quartile of diversity Z-score. Using single-
predictor logistic regression analyses, we calculated crude odds ratios (OR) for low diversity
according to HIV status, recall period of the dietary interview, location of residence (defined
as township, rural, or deep rural), and whether the mother was the main caregiver. The category
deep rural was assigned to areas located away from the main roads. We also examined if the
prevalence of low dietary diversity differed during episodes of diarrhea or respiratory infections
and whether it was different according to the type of micronutrient supplement given during
the study (none, vitamin A alone, vitamin A plus zinc, or multi-vitamins and minerals).
Diarrhea was considered to be present on any day the stool was reported by the caretaker to be
more frequent or looser than normal or the stool contained water or blood. Upper respiratory
tract infection was defined as the history (or presence during the field worker visit) of cough
or runny nose. All factors from the bivariate analyses were subsequently examined together in
amultiple logistic regression analysis and adjusted (conditional) OR calculated. All OR (crude
and adjusted) were recalculated using a random effects model to adjust for multiple
observations from each subject not being independent.

To explore which food classes contributed to differences in dietary diversity according to HIV
status of the child, we tabulated the frequency of consumption of specific food classes by age
group and HIV status.

P-values <0.05 were considered significant. The Statistical Package for the Social Sciences
(20) and Stata (21) were used for data analysis.
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Ethical oversight

Results

The study was approved by the Tufts-New England Medical Center's Institutional Review
Board and the University of KwaZulu-Natal Ethics Committee. Written informed consent to
participate in the study was obtained from the mothers of all children participating in the study.

Twelve (3.1%) of the 381 children enrolled in the study died before they completed the study,
62 (16.3%) moved out of the study area during the study and could not be followed, 2 (0.5%)
dropped out of the study because the child did not like the taste of the tablets, and 38 (10.0%)
dropped out for other or unspecified reasons. During the 18 mo of study there were 22,772
observed weeks. The mean number of observed weeks per child was 60 of the 78 expected and
was lower for HIV-infected children (49 wk) because of their higher mortality.

Information was collected on dietary intake for 159,642 study days. Information on daily
dietary intake was obtained within 7 d for 70% of days included in the analysis; 30% was
obtained during a follow-up visit within 30 d because an informant was not available during
the scheduled visit.

The median unadjusted dietary diversity score was 37.5% (25th and 75th percentiles, 28.6%
and 45.8%). Median unadjusted dietary diversity scores increased rapidly between 6 and 9 mo,
from 25.0 to 37.5% (P < 0.001) and remained relatively stable thereafter. The increasing
diversity between 6 and 9 mo of age resulted from increasing consumption of dairy products,
nonmilk animal protein, vegetable protein, and snacks and sweetened beverages (Fig. 1).
Consumption of breast milk and formula milk decreased after 9 mo of age, but dietary diversity
was maintained by increased intake of snacks/sweetened beverages and of nonmilk animal
protein. Unadjusted dietary diversity did not differ by gender or season (P > 0.05).

The pattern of food intake leading to a low dietary diversity differed by age (Table 2). At 6 mo
of age, lack of intake of fruits, vegetables, dairy products, snacks/sweetened beverages, and
complex carbohydrates accounted for poor dietary diversity. At age 18 mo, lack of breast milk
and formula and of vegetable protein contributed to the low dietary diversity.

In the bivariate analyses of risk factors for low dietary diversity (Table 3), the crude OR for a
low diversity Z-score increased for observation weeks from HIV-infected children (OR, 2.59;
95% ClI, 1.52-4.41) in comparison with observation weeks coming from HIV-uninfected
children born to HIV-uninfected mothers. Low dietary diversity was also more frequent during
diarrhea episodes, when the child took micro-nutrient supplements (as opposed to not taking
supplements) and when the recall period was longer than 1 wk. Dietary diversity was greater
during respiratory infections, when tap water was not used for food preparation, when the place
of residence was deep rural, and when the mother was not the caregiver that week.

In multiple logistic regression analysis with adjustment for within-subject clustering (Table
3), child HIV infection was still independently and significantly associated with low dietary
diversity (OR, 1.76; 95% ClI, 1.06—2.96). Low diet diversity was also associated with diarrhea
episodes, absence of respiratory infection, absence of use of water for food preparation, the
mother being the caregiver, and recall longer than 1 wk. The associations in bivariate analysis
with deep rural residence and overall micronutrient supplementation use disappeared, except
for a remaining association between low diversity and supplementation with tablets containing
vitamin A and zinc.

Among HIV-infected children, the lack of diversity relative to HIV-uninfected children was
significant at all ages and was most pronounced at 6 mo of age (Table 4), when HIV-infected
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children were less likely to consume all classes of food except for formula. This pattern changed
at 9 mo, when all food classes were consumed less frequently except breast milk. At later ages,
HIV-infected children consistently consumed fewer dairy products than HIV-uninfected
children.

Discussion

This study has a number of important findings on the dietary patterns of children living in an
area with an extremely high prevalence of HIV and on the methods used to determine dietary
diversity. Chiefamong these is that HIV-infected children have lower dietary diversity between
6 and 24 mo of age than HIVV-uninfected children. This difference was present both in bivariate
analysis when compared with HIVV-uninfected children born to HIV-uninfected mothers and
when controlling for socioeconomic status, recall period, and diarrheal and respiratory
morbidity. Children without HIV infection born to HIV-infected mothers had a diminished
dietary diversity compared with children born to mothers without HIV infection, but this
difference did not reach significance.

The association of HIV infection and lower dietary diversity in a multiple-regression including
diarrhea and respiratory infection as covariates suggests that the lower dietary diversity in HIV-
infected children cannot be explained only by increased frequency of disease episodes. It might
be related to difficult to conditions (especially in infants and young children), such as poorer
appetite, or unmeasured aspects of socioeconomic status, such as household income. Poor
appetite with inadequate dietary intake has been well documented in HIV-infected children
(22,23). Increased levels of tumor necrosis factor-a may be involved in the appetite inhibition
(24). Neurodevelopmental delay and decreased maternal well-being may be additional factors
leading to low energy intake and concomitant low dietary diversity. Because we did not
measure energy intake, we were unable to determine whether the association between HIV and
dietary diversity disappears when energy intake is introduced in the model. If that were the
case, it would suggest that energy intake reduction was indeed the main mechanism by which
HIV exerts its effect on dietary diversity.

HIV-infected children in this study, compared with HIV-uninfected children born to either
HIV-infected or HIV-uninfected mothers, consumed fewer food classes in the first year of life
with the exception of breast milk. This may be because children who were known to be HIV-
infected at 6 mo of age were encouraged to continue breast-feeding. However, we cannot
exclude a survival bias affecting this finding, because breast-fed, HIV-infected children may
have been more likely to survive to 6 mo of age, when our observations began.

The pattern of dietary diversity identified in this study is one of rapidly increasing diversity in
the seecond half of the first year of life in infants in all 3 HIV status groups. Although infants
progressively abandon breast milk and formula, diversity increases because they replace it with
nonmilk sources of protein, snacks, and sweetened beverages. Although increasing diversity
is often thought of as beneficial in and of itself, the decline in breast-feeding after 6 mo of age
has important health implications even though overall dietary diversity is increasing. The health
benefit of continued breast-feeding after 6 mo of age for children of HIVV-uninfected mothers
is well documented (25). Dietary diversity could be further enhanced in this population by
reinforcing breast-feeding by HIV-uninfected mothers. Indeed, the observed pattern of breast-
feeding was not optimal. Already at age 6 mo, 1 of 4 HIVV-uninfected children was no longer
receiving any breast milk. In'y 2 of life, breast milk consumption continued to decrease rapidly
so that by age 18 mo, 3 of 4 children were not receiving breast milk.

Another concern in the diet of this population is the low consumption of fruits and vegetables.
In more than one-half of the observed child weeks, no fruit or vegetable was consumed.
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Although there may have been some underreporting of fruit and vegetable consumption, this
is unlikely to explain the low consumption. The area where this study was conducted has little
subsistence farming and is very poor. Poor households are known to spend a disproportionate
portion of their income on staple foods, primarily maize meal, and fruits and vegetables are
generally considered less essential and are more expensive. This may increase the risk of
micronutrient deficiencies (4). The South African government has initiated a staple food
fortification program to decrease the risk of micronutrient deficiencies in the population (26).
Nevertheless, campaigns to promote subsistence farming could be very helpful to increase the
consumption of fruits, vegetables, and animal-source food (27).

The reliance on purchased foods in this population may also explain why we did not find any
seasonal variation in dietary diversity. This is not a typical situation in sub-Saharan Africa
where periodic food insecurity is frequent. For example, in a study of adult women in Burkina
Faso, diversity of the family diet was found to fluctuate heavily due to periods of general food
shortage (28).

An intriguing finding of this study was that dietary diversity increased when the mother was
not the main caregiver. This may appear counterintuitive and could in part be due to respondent
bias by the replacement caregivers. Alternative explanations are that mothers who travel for
whatever reason tend to make provisions to ensure an optimal diet for their child during their
absence, that if the mother is away it is more likely that she is working and there is more family
income to make these provisions possible, or that the replacement caregivers, often the
grandmothers, tend to “spoil” the children. The latter explanation seems a good possibility,
because in the study area, old age pensions constitute a major source of family income.

There are no universally accepted standardized tools for studying dietary diversity. Reports of
studies that have described the association between dietary diversity and energy or nutrient
intake have also invariably recommended the development and refinement of indices of dietary
diversity (6). The method we have introduced to assess dietary diversity in young children
should be relatively easy to reproduce in other settings, because the questionnaire is relatively
short and locally adaptable. If this survey was to be adapted for use in other settings, an initial
pilot study of the target population is needed to identify foods that are commonly consumed
within each of the 8 food classes. An internal standardization of the weekly dietary diversities
for age, sex, and season should be easy to perform using the same method as we describe.

Other advantages of the method we used include the fact that it allows collection of daily dietary
intake information. It also allows monitoring of dietary diversity over longer periods than with
more traditional dietary surveys. Those traditional surveys are more intensive and require
longer to complete and thus are more difficult to sustain over time. The diets of children <2 y
of age are constantly changing as more foods become available to the maturing child. This
makes it more relevant to collect information daily or weekly to overcome large between- and
within-person variation.

This study focused on exploring determinants of dietary diversity in young children, primarily
examining the effect of HIV status. The functional validity and usefulness of dietary diversity
measures needs further study both in children and adults (6,29,30). Little is known about the
possible effects of low dietary diversity on growth and health outcomes. Such studies should
ideally also quantify total energy intake so that the independent effects of diet diversity and
energy intake can be assessed. It has been suggested that exploration of such relationships
should also adjust for socioeconomic variables (31,32). An 11-country demographic survey
found that dietary diversity was significantly associated with attained height even after
adjusting for socioeconomic and other confounding factors (4).
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In conclusion, this study shows that the diets of HIV-infected children are significantly less
diverse than those of HIV-uninfected children born to HIV-uninfected mothers and of those
of HIV-infected children born to HIV-infected mothers. Such lack of diversity may contribute
to the development of specific nutrient deficiencies (3,33) and may be a factor contributing to
increased morbidity and poorer survival in these children.
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Age trend of median unadjusted diet diversity scores and percentage of observed weeks when
items belonging to specific food classes were consumed by 381 6- to 24-mo-old children in

rural South Africa.
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TABLE 1
Food classes, and foods within those classes, used in the study questionnairel

Page 11

Food class Foods included in class

Breast milk Breast milk

Formula milk Formula milk

Dairy products Cow's milk, yogurt, cheese, milk powder

Vegetable protein Dried beans, canned beans

Nonmilk animal protein Meat, chicken, fish, eggs

Snacks and sweetened beverages Flavored drinks containing juice extracts, tea, biscuits, chips, candy, cake
Fruit and vegetables Fresh or canned fruit or vegetables

Complex carbohydrates Bread, cereal porridge, maize meal

1 . . . . . .
Values of median diversity score are percentages of the maximum diversity score. Other values are percentages of 22,772 observed weeks.
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TABLE 3
Risk of low dietary diversity of 381 children by clinical and socioeconomic characteristics in 381 children aged 6—24
mo in rural South Africa

Child characteristic Wk of observation, Crude OR (95% ClI) of a low Adjusted OR (95% CI) of a low

n (%) diversity Z-score diversity Z-score
Child HIV uninfected
Mother uninfected 12,527 (55.0) (reference group) (reference group)
Mother infected 8876 (39.0) 1.25 (0.94 to 1.67) 1.10 (0.82 to 1.45)
Child HIV infected 1369 (6.0) 2.59 (1.52 to 4.41) 1.76 (1.06 to 2.94)

Diarrhea that week

No 21,148 (92.9) (reference group) (reference group)

Yes 1624 (7.1) 1.14 (1.00 to 1.31) 1.18 (1.02 to 1.34)
Respiratory infection that week

No 18,644 (82.5) (reference group) (reference group)

Yes 3963 (17.5) 0.84 (0.76 to 0.92) 0.85 (0.77 t0 0.94)
Caregiver is mother

No 1399 (6.1) (reference group) (reference group)

Yes 21,373 (93.9) 1.79 (1.50 to 2.13) 2.15 (1.78 to 2.60)
Source of water used for preparing meals

Tap 14,245 (62.6) (reference group) (reference group)

River or pond 1216 (5.3) 0.68 (0.56 to 0.83) 0.69 (0.53 t0 0.84)

Tanker or bottle 944 (4.1) 0.51 (0.39 to 0.66) 0.54 (0.42t00.71)

No water used 6367 (28.0) 3.87 (3.57t0 4.18) 3.91 (3.60 to 4.24)
Residence:

Semi-urban 9860 (43.3) (reference group) (reference group)

Rural 4353 (19.1) 0.88 (0.61t0 1.27) 0.90 (0.63 to 1.28)

Deep rural 8559 (37.6) 0.66 (0.48 to 0.89) 0.81 (0.61 to 1.09)
Study tablet composition

None 2166 (9.5) (reference group) (reference group)

Vitamin A 7111 (31.2) 1.63 (1.00 to 2.67) 1.45 (0.88 to 2.39)

Vitamin A + Zinc 7024 (30.8) 1.90 (1.16 to 3.11) 1.68 (1.03 to 2.74)

Multivitamins and minerals 6471 (28.4) 1.68 (1.02 to 2.75) 1.44 (0.88 to 2.36)
Recall

1wk 15,902 (69.9) (reference group) (reference group)

>1 wk 6870 (30.1) 2.18 (2.02t0 2.34) 2.00 (1.85to 2.16)

Low diversity of each observed week defined as an age-, sex-, and season-adjusted dietary diversity score (diversity Z-score) falling within the lowest
quartile. Crude OR obtained by single predictor logistic regression analysis with adjustment for clustering of observed weeks within individual children.

Conditional OR obtained using multiple logistic regression analysis with adjustment for clustering of observed weeks within individual children.
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