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Background. Poor nutritional status in HIV/AIDS patients can affect immune function profoundly, leading to

faster disease progression and earlier death.

Objective. To determine the micronutrient intake of HIV-infected women in Mangaung.

Design and setting. A cross-sectional study was undertaken in Mangaung, Bloemfontein, Free State.

Subjects and methods. A representative group of 500 pre-menopausal women (25 - 44 years) was randomly
selected to participate in the study. Micronutrient intake was determined using a Quantitative Food Frequency
Questionnaire (QFFQ). Median micronutrient intakes were compared with the Recommended Dietary Allowance
(RDA) or Adequate Intake (AI) values. The prevalence of women with intakes < 67% of the RDA or Al was
calculated. Median micronutrient intakes were compared between HIV-infected and uninfected women using
non-parametric 95% confidence intervals (CIs) and the Mann-Whitney test.

Results. Sixty-one per cent of women in the younger age group (25 - 34 years) and 38% of older women (35 - 44
years) were HIV-infected. Between 46.6% and 70.7% of all women consumed < 67% of the RDA or Al for calcium,
total iron, selenium, folate and vitamin C. At least 25% of HIV-infected women did not meet either the RDA or the
Al for vitamins A, D and E. Younger HIV-infected women had significantly higher intakes of calcium (p = 0.046),
phosphorus (p = 0.04), potassium (p = 0.04), vitamin B,, (p = 0.01), vitamin D (p = 0.03) and vitamin E (p = 0.04)
than their HIV-uninfected counterparts. Older HIV-infected women had significantly lower intakes of haem iron
(p = 0.03), non-haem iron (p = 0.04) and selenium (p = 0.04) than their HIV-uninfected counterparts.

Conclusions. Insufficient micronutrient intakes are common in both HIV-infected and uninfected women. A
well-balanced diet and micronutrient supplementation seem warranted to ensure optimal health and survival,

particularly in HIV-infected women.

Africa has a long history of malnutrition." By the turn
of the 21st century food insecurity threatened the
lives of about 400 million people living in sub-Saharan
Africa.? In South Africa, poverty and household food
insecurity are highly prevalent in poor communities.’
This scenario has been radically compounded by the
emergence of HIV/AIDS.*

Good nutrition is fundamental to maintain an optimal
immune response.®® There is wide consensus that

an inadequate dietary intake may contribute to the
poor micronutrient status prevalent in HIV disease.’
Poor nutrition and HIV/AIDS form part of a typical
vicious cycle in which micronutrient deficiencies,
malnutrition-related immunosuppression, and oxidative

stress lead to faster disease progression and earlier
death.? Micronutrient deficiencies may prevail even
where an adequate supply of macronutrients is
available.® Results from two South African studies"
confirmed that despite adequate macronutient intakes,
inadequate intakes of several micronutrients were
observed among HIV-infected blacks. However timely
nutritional assessment and intervention can preclude
these deficits.*

Supportive documented evidence is limited concerning
micronutrient intake in HIV-infected women,® and
micronutrient status of HIV-infected individuals from
developing countries.® In response to this situation

a cross-sectional study was conducted to determine



the micronutrient intake of HIV-infected women in
Mangaung, in the Free State province of South Africa.

Methods

Five hundred women from Mangaung, an urban black
residential area in Bloemfontein, South Africa, were
selected to participate in the study. The respondents
were from two built-up areas (Phahameng and
Botchabela) and two informal settlements (Joe Slovo
and Namibia). Post-pubertal, but pre-menopausal,
women were randomly selected from two age groups
(25 - 34 and 35 - 44 years respectively), using township
maps. The residential plots in the four selected areas
were counted and numbered. Namibia had 2 995 plots,
Phahameng 1 711, Joe Slovo 1 359 and Botchabela

2. 308. A proportionate number of respondents was
randomly selected from these plots. The size of the
sample was considered representative of the population
of Mangaung. Subjects were recruited by trained
community health workers, who were given detailed
instructions about the recruitment of subjects, as well
as a detailed map of 20 of the plots that had to be
selected on a weekly basis. The assigned community
health workers screened one woman from each plot for
eligibility.

The Ethics Committee of the Faculty of Health
Sciences, University of the Free State, approved the
study (ETOVS No. 02/00). The community health
workers explained the content and purpose of the study
to possible participants. Subjects provided written
informed consent.

HIV status of all the respondents was determined as
part of the study, and tests were performed using the
HIV-1 and HIV-2 Recombinant Antigens and Synthetic
Peptides reagent pack (Abbott, Germany, catalogue
no. 3D41-20). Subjects were given the opportunity to
indicate whether they would like to receive their HIV
test results, or whether the outcome should be withheld
from them. All subjects who chose to know the
outcome of their test results were referred to a medical
practitioner for post-test counselling and, if required, a
confirmatory test. The research team was blinded to
the outcome of the HIV tests.

Micronutrient intake was determined using a validated
Quantitative Food Frequency Questionnaire (QFFQ)
that included typical South African foods as well

as foods traditionally included in the diet of black
inhabitants of the region. The OQFFQ was administered
during individual interviews by trained interviewers.
Three interpreters assisted the interviewers.

The quantities of food items recorded on the
questionnaire were converted to weights in grams
using the Food Quantities Manual," and the data
were processed using the Food Composition Database

of the South African Medical Research Council.*

Micronutrient intakes were compared with the
Recommended Daily Allowance (RDA) and Adequate
Intake (Al) values used in the USA.

Statistical analysis

Questions were coded and data processed using the
SAS software package."” For each age and HIV group,
micronutrient intake was reported using medians and
percentiles. Categorical data were described using
frequencies and percentages. To evaluate clinical
relevance, the median micronutrient intake of HIV-
infected and uninfected women was compared using
non-parametric 95% confidence intervals (ClIs), and
the statistical significance assessed using the Mann-
Whitney test. The prevalence of women with intakes <
67% of the RDA or Al was also calculated and described
for each age and HIV status group.

Results

A total of 500 subjects were recruited for the study,

of whom 488 were eligible for participation. Four
subjects were found to be pregnant during the
medical examination, and another 8 subjects did not
fit the age requirement and were excluded from the
study. Of the 488 subjects, 273 were 25 - 34 years

of age and 215 were 35 - 44 years old. The sampling
strategy was designed specifically to compare these
two age categories in order to render the study results
comparable to previous studies performed within the
same geographical area. Sixty-one per cent (N = 167) of
the younger group (25 - 34 years) (Fig. 1) and 38% (IV =
82) of the older group of women (35 - 44 years) (Fig. 2)
tested HIV-seropositive. In total 51% of the women (IV
= 488) eligible for this study tested HIV-seropositive.

Tables I and II show the mineral and trace element
intake of women in the two age groups. An analysis
of these results shows that both HIV-infected and
uninfected women had insufficient intakes of a number
of micronutrients. Low median intakes, particularly of
calcium, total iron and selenium were observed in the
total sample. In both HIV-infected and HIV-uninfected
younger women a large percentage consumed

< 67% of the RDA or Al for calcium (49.7% and 59.4%
respectively), iron (48.5% and 51.9% respectively) and
selenium (49.1% and 50.0% respectively). In the older
subjects a similar trend was observed for consumption
of calcium, iron and selenium.

Tables Il and IV list the vitamin intake of the women.
The percentage of women with an inadequate fat-
soluble vitamin intake was relatively high in the entire
sample. Concerning the B vitamins, median intakes

of the total sample were generally slightly higher

than the RDA or AI, and up to double the RDA or Al
Approximately 30% of the older HIV-infected women
consumed < 67% the RDA for vitamin B, and more
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<67% of RDA/AI (%)

1.8
5.7
49.1
50.0
7.8
17.0

RDA/AI
3000
700

55

106) women aged 25 - 34 years

0.06
0.04
0.39
0.19

-18.11; 677.04

2.34; 320.24
-3.14; 8.54

167) and uninfected (V'
-0.43; 2.01

95% CI for median difference p-value

Median
difference
325.47
162.55

2.59

0.81

Median
2.708.4
25559
1397.0
1206.2
37.04
36.92
10.79

Mineral and trace element intake of HIV-infected (IV
9.89

HIV status
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-

40 - 69% of the subjects’ intake of this nutrient was < 67% of the recommended intake for age.
> 70% of the subjects’ intake of this nutrient was < 67% of the recommended intake for age.

adequate intake (Al).

Table I. (continued)

Phosphorus (mg)

Nutrient
Sodium (mg)
Selenium (ug)
Zinc (mg)

*

HIV-
uninfected
39%

HIV-infected
61%

Fig. 1. HIV status of younger women (25 - 34 years).

HIV-infected
38%
HIV-
uninfected
62%
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Fig. 2. HIV status of older women (35 - 44 years).

than half of all women consumed < 67% of the RDA for
folate. Median intake of vitamin C for the total sample
was much lower than the RDA of 75 mg/day, with

the older HIV-infected and HIV-uninfected women
showing the lowest median intakes (47.54 mg/day
and 43.96 mg/day respectively). More than 46% of all
women in the sample consumed < 67% of the RDA for
vitamin C.

Younger HIV-infected women had significantly higher
intakes of calcium (p = 0.046), phosphorus (p = 0.04),
potassium (p = 0.04), vitamin B,, (p = 0.01), vitamin

D (p = 0.03) and vitamin E (p = 0.04) than uninfected
women in the same age group. However, total energy
intake of these women was also significantly higher
than that of their uninfected counterparts. Older HIV-
infected women had significantly lower intakes of
haem iron (p = 0.03), non-haem iron (p = 0.04) and
selenium (p = 0.04) than their uninfected counterparts.

Discussion

Micronutrients are essential mediators in optimising
immune function and deficiencies have been
associated with immune impairment in both HIV-
uninfected’® and HIV-infected subjects."” In this
descriptive cross-sectional study, insufficient intakes
of a number of key micronutrients were identified. It
should be remembered that while the recommended
intake of certain micronutrients was met in this
sample, HIV-infected individuals have increased
requirements for specific micronutrients."

Earlier studies confirmed that many HIV-infected
individuals fail to consume the required intake for at
least one," or more micronutrients.® In this study
about half of the total sample consumed inadequate
amounts of calcium, total iron and selenium (Tables
T and II). More than 25% of the HIV-infected women
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Table III. Vitamin intake of HIV-infected (V= 167) and uninfected (IV = 106) women aged 25 - 34 years

Nutrient

Vitamin A Re (ug)
Vitamin D (ug)
Vitamin E (mg)
Vitamin K (pg)
Thiamin (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin B, (mg)
Folate (ug)
Vitamin B,, (ug)
Vitamin C (mg)
Pantothenic acid (mg)

Biotin (ng)

* = adequate intake (Al)

HIV status

HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-
HIV+
HIV-

Median

687.30
674.50
5.36
4.50
16.45
14.11
126.31
108.02
1.72
1.46
2.09
2.00
21.78
18.97
1.55
1.47
252.72
233.82
5.38
4.18
54.10
53.64
5.90
5.34
36.42
31.31

Median difference
19.8

0.90

2.21

11.31

0.19

0.14

2.40

0.15

30.04

1.09

5.99

0.61

3.33

= 40 - 69% of the subjects’ intake of this nutrient was < 67% of the recommended intake for age.

95% CI for median difference

-104.2; 144.2

0.12; 1.75

0.04; 4.38

-10.94; 34.30

-0.02; 0.39

-0.15; 0.43

-0.20; 4.94

-0.04; 0.35

-1.44; 60.96

0.26; 1.95

-4.08; 15.37

-0.08; 1.30

-1.62; 8.41

p-value
0.77

0.03

0.04

0.32

0.08

0.35

0.07

0.13

0.06

0.01

0.25

0.09

0.197

RDA/AT*
700

5*

15

90*

11

11

14

1.3

400

2.4

75

5*

30*

< 67% of RDA/AI (%)

31.1
29.3
275
34.0
25.2
32.1
20.4
22.6
7.8

12.3
4.2

6.6

6.0

13.2
16.2
265
53.3
62.3
6.0

10.4
46.1
49.1
11.4
22.6
16.8
18.9
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in the present study did not meet the required intake
for vitamins A, D and E (Tables III and IV), while the
tendency toward low vitamin C and folate intake

was more pronounced. Selenium, iron and vitamins

A, E, C'%?'?2 and D** are vital for a healthy immune
system, and even a mild deficiency of one nutrient
may alter this.'® Additionally, toxic free radicals may be
neutralised or destroyed by the adequate availability of
antioxidants® such as selenium and vitamins A, E and
C. Consequently, deficiencies of the above nutrients
may exacerbate oxidative stress and contribute to
abnormalities in immunological or neurophysiological
functions® in the HIV-infected women in this study.

As indicated by Gil et al.,'® the regular ingestion of a
variety of fruit and vegetables may beneficially alter the
nutritional profile, antioxidant status and immunity of
HIV-infected individuals.

Our results support those of American studies showing
insufficient micronutrient intake among HIV-infected
individuals, with inadequate intakes reported for iron,
vitamins A, C and E,* " selenium, calcium and folic
acid.’ * However, the results of this study cannot be
generalised to predict the conditions in all African
communities,” where food availability often differs
immensely from that in Western societies. It would
therefore be feasible to compare the micronutrient
intake of the HIV-infected women in the present
study with those of two earlier South African
studies.'!! In the Free State study by Dannhauser

et al.”® conducted in a geographical area similar to
ours, lower micronutrient intakes were reported in
general. Similar trends of inadequate median intakes
were found for vitamins A and C, calcium and iron

in their HIV-infected subjects. However, the authors
investigated dietary intake in rural and urban HIV
subjects of both genders, and a different method

of dietary assessment was used. It is furthermore
worth mentioning that in the present study only the
HIV status of the participants, and not their CD4 cell
counts, was determined while other studies assessed
dietary intakes of patients in various stages of disease
progression.

Similar to the results of the present study, inadequate
intakes of calcium, iron, vitamins A and C, and folate
were also reported in the Transition and Health

during Urbanisation of South Africans (THUSA) study
performed in the North West province of South Africa."

Notwithstanding the fact that in the present study
younger HIV-infected women consumed significantly
more (p = 0.046) calcium than uninfected younger
women, calcium intakes were generally low in all the
women. Financial constraints, plus cultural habits and
taboos that regulate milk consumption and the known
lactose intolerance of black women, could contribute to
a calcium-depleted diet.”” Non-dairy coffee creamers,
which are convenient to use in households without
refrigerators, could have contributed to the low calcium

intakes in this study. Changes in diet and physical
activity typical of urbanisation could increase the
risk of osteoporosis,”® and may also be reflected in the
sample.

Iron deficiency is common in Africa, and anaemia
appears widely among people living with HIV/AIDS.#
Older HIV-infected women had significantly lower
intakes of haem iron and non-haem iron. These

low intakes are problematic as anaemia has been
associated with HIV disease progression and increased
risk of death.® Increased iron intake may therefore be
beneficial to improve the prognosis® of HIV-infected
women.

Selenium and zinc have been studied extensively

in the context of HIV infection.®” There is powerful
evidence that deficiencies of both these minerals are
prevalent with HIV infection.'®®% In the present
study we related the low intake of selenium to a core
diet of maize products, a poor source of this nutrient.
This raises concern, as a deficiency of selenium

% and immune

34,41

could be predictive of poor prognosis
dysfunction,” thus increasing mortality.

An adequate dietary supply of zinc is associated with
sound immune function.” Similar to results of the
THUSA study," zinc intake of HIV-infected women

in the present study was adequate, with only a small
percentage of subjects consuming < 67% of the RDA for
zinc. In the study by Dannhauser et al.'’ about half of
the HIV-infected subjects consumed diets containing

< 67% of the RDA for zinc.

A prominent feature of the present study is the large
number of women with low vitamin C intakes. Low
intakes were previously reported for urban black
women,” HIV-infected women,®"* and HIV-infected male
and female patients.’” A corrective diet, including the
consumption of more vitamin C-rich food sources by
HIV-infected women, could possibly help to reduce the
rate of progression to AIDS.*

Inadequate folate intake was prominent in the diets of a
large percentage of the women in the study. Insufficient
folate consumption seems to be a problem among
urban and rural blacks in South Africa,” HIV-infected
women,"" and also other communities.** Although
folate deficiencies have been associated with impaired
immune function,* the role of this nutrient in HIV/AIDS
infection is not yet clear,* with studies showing no
relationship between folate deficiency and HIV-related
outcomes.®

The relatively small percentage of women in the study
who had inadequate intakes of thiamin, riboflavin,
niacin and vitamin B,, is commendable, and fairly
consistent with findings of international studies.**
Maize products are a good source of thiamin and maize
meal has been enriched with niacin in South Africa

for many years,” which could possibly explain the
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adequate intakes in the present study. Tang et al.*®
reported that an increased intake of thiamin, riboflavin,
and niacin was associated with a significantly reduced
rate of progression to AIDS. However about 30%

of the older HIV-infected women had low intakes

of vitamin By, corresponding with the findings of
previous studies.® Despite adequate intakes, vitamin
B, deficiency has been shown to commonly accompany
HIV infection,’ particularly during the early disease
stage.”

For some nutrients the median micronutrient intakes
of HIV-infected women either met or exceeded their
respective RDAs or Als, while for other nutrients
intakes were inadequate. Regardless, HIV-infected
persons need to increase their intakes of beta-carotene,
vitamins A, E, C, B, and B,,, thiamin, riboflavin, niacin,
folate and selenium."”

Conclusion

This study provides data on the micronutrient intake of
black women in Mangaung. The results underline the
urgency for nutritional intervention to approach this
aspect of HIV infection in an innovative way, suited

to South Africa. Since micronutrient malnutrition can
potentially be reversed and requires drastic treatment,
the first and foremost goals of nutrition therapy should
be to focus on the prevention of these deficiencies

and the importance of a well-balanced diet. As the
micronutrient requirements of people living with HIV/
AIDS are typically higher than those of the general
population, micronutrient supplementation seems to

be a cost-effective and reasonably easy way to help
improve nutritional status in this milieu,* and would be
warranted in addition to a healthy well-balanced eating
plan to ensure optimal health and survival for those
patients not qualifying for the antiretroviral programme
in South Africa. The legislation on bread and maize
flour fortification in South Africa will likely assist in
addressing micronutrient deficiencies in this country.*
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1. Castetbon K, Kadio A, Bondurand, A, et al. Nutritional status and dietary intakes in
human immunodeficiency virus (HIV)-infected outpatients in Abidjan, Céte d'Ivoire,
1995. Eur J Clin Nutr 1997; 51(2): 81-86.

2. Steyn NP, Walker ARP. Nutritional status and food security in Sub-Saharan Africa:
Predictions for 2020. Asian Pac J Clin Nutr 2000; 9(1): 1-6

3. Oldewage-Theron WH, Dicks EG, Napier CE, Rutengwe R. A community-based
integrated nutrition research programme to alleviate poverty: Baseline survey. Public
Health 2006; 119: 312-320.

4. Rutengwe RM. Identifying strategic interventions for improving household food and
nutrition security in an urban informal settlement in South Africa. Asian Pac J Clin
Nutr 2004; 13: Suppl, S169.

5. Gay R, Meydani SN. The effects of vitamin E, vitamin By, and vitamin B,, on immune
function. Nutr Clin Care 2001; 4: 188-198

6. Woods MN, Spiegelman D, Knox TA, et al. Nutrient intake and body weight in a large
cohort that includes women and minorities. J Am Diet Assoc 2002; 102: 203-211.

7. Gramlich LM, Mascioli EA. Nutrition and HIV infection. J Nutr Biochem 1995;

6(1): 2-11

8. Semba RD, Tang AM. Micronutrients and the pathogenesis of human immuno-
deficiency virus infection. Br J Nutr 1999; 81: 181-189.

9. Babameto G, Kotler DP. Malnutrition in HIV infection. Gastroenterology 1997; 26: 393-
415

20.

21

22.

23

24.

25.

26.

27.

28

29.

30

31.

32.

33.

34

35.

36

37.

38

39.

40.

41.

42,

43.

44.

45.

46

47

48.

Dannhauser A, van Staden AM, van der Ryst E, et al. Nutritional status of HIV-1
seropositive patients in the Free State Province of South Africa: Anthropometric and
dietary profile. Eur J Clin Nutr 1999; 63: 165-173

Vorster HH, Kruger A, Venter CS, Kruger HS. The nutritional status of asymptomatic
HIV positive Africans: Directions for dietary intervention? Public Health Nutr 2004; 7
1055-1064

Casey KM. Assessment and interventions. J Assoc Nurses AIDS Care 1997; 8: 39-49.
Langenhoven ML, Conradie PJ, Wolmarans P, Faber M. Medical Research Council Food
Quantities Manual. 2nd ed. Parowvallei: MRC, 1991.

Langenhoven M, Kruger M, Gouws E, Faber M. Medical Research Council Food
Composition Tables. 4th ed. Parowvallei: MRC, 1998.

SAS Institute Inc. SAS/STAT Users’ Guide, Version 9.1, Cary, NC: SAS Institute Inc,
2003.

Chandra RK. Nutrition and the immune system: an introduction. Am J Clin Nutr
1997; 66: Suppl, S460-463

Woods MN, Gorbach SL. Dietary considerations in HIV and AIDS. Nutr Clin Care
1999; 2(2): 95-102.

Gil L, Lewis L, Martinez G, et al. Effect of increase of dietary micronutrient intake on
oxidative stress indicators in HIV/AIDS patients. Int J Vitamin Nutr Res 2005; 75(1):
19-27.

Dworkin BM, Wormser GP, Axelrod F, et al. Dietary intake in patients with acquired
immunodeficiency syndrome (AIDS), patients with AIDS-related complex, and
serologically positive human immunodeficiency virus patients: correlations with
nutritional status. JPEN 1990; 14: 605-609

Luder E, Godfrey E, Godbold J, Simpson DM. Assessment of nutritional, clinical, and
immunologic status of HIV-infected inner-city patients with multiple risk factors. J
Am Diet Assoc 1995; 95: 655-660.

Baum MK, Shor-Posner G, Lu Y, et al. Micronutrients and HIV-1 disease progression.
AIDS 1995; 9: 1051-1056.

Harbige LS. Nutrition and immunity with emphasis on infection and autoimmune
disfunction. Nutr Health 1996; 10: 285-312

Smolin LA, Grosvenor MB. Nutrition Science and Applications. 4th ed. New York:
John Wiley & Sons, 2003: 216-248.

Jariwalla RJ. Micro-nutrient imbalance in HIV infection and AIDS: Relevance to
pathogenesis and therapy. Journal of Nutritional and Environmental Medicine 1995; b:
297-303.

Chlebowski RT, Grosvenor M, Lillington L, Sayre J, Beall G. Dietary intake and
counseling, weight maintenance, and the course of HIV infection. J Am Diet Assoc
1995; 95: 428-432, 435

Van Staden AM, Barnard HC, Nel M, et al. Nutritional status of HIV-1 seropositive
patients in the Free State Province of South Africa — laboratory parameters. Cent Afr J
Med 1998; 44: 246-250

Vorster HH, Oosthuizen W, Jerling JC, Veldman FJ, Burger HM. The Nutritional
Status of South Africans: A Review of the Literature From 1975-1996. Durban: Health
Systems Trust, 1997, 1:1-48; 2:1-122

Aloia JF, Vaswani A, Yeh JK, Flaster E. Risk for osteoporosis in black women. Calcif
Tissue Int 1995; 69: 415-423

Castaldo A, Tarallo L, Palomba E. Iron deficiency and intestinal malabsorption in HIV
disease. J Pediatr Gastroenterol Nutr 1996; 22: 359-363.

Moore RD, Keruly LC, Chaisson RE. Anemia and survival in HIV infection. J Acquir
Immune Defic Syndr 1998; 19(1): 29-33

USAID. HIV/AIDS: A Guide For Nutrition, Care and Support. Washington, DC: Food
and Nutrition Technical Assistance Project, Academy for Educational Development,
2001: 7-65

Fawzi W, Msamanga G, Spiegelman D, Hunter DJ. Studies of vitamins and minerals
and HIV transmission and disease progression. Symposium: Women's voices,
women's choices: The challenge of nutrition and HIV/AIDS. 2005. J Nutr 2005; 35(4):
938-944.

McCorkindale C, Dybevik K, Coulston AM, Sucher KP. Nutritional status of HIV-
infected patients during the early disease stages. J Am Diet Assoc 1990; 90: 1236-
1241

Baum MK, Shor-Posner G, Lai S, et al. High risk of mortality in HIV infection is
associated with selenium deficiency. J Acquir Inmune Defic Syndr 1997; 15: 370-374.
Kim JH, Spiegelman D, Rimm E, Gorbach SL. The correlates of dietary intake among
HIV-positive adults. Am J Clin Nutr 2001; 74: 852-861.

Izquierdo VB, Celaya PS, Amiguet GJA. Diet survey and evaluation of ingested
nutrients in a group of HIV patients. Nutr Hosp 2002; 17: 97-106.

Lee A. Update on Micronutrient Needs in HIV. <http://www.thebody.com/tpan/julaug_
02/micronutrients.html> (last accessed 21 October 2005)

Constans J, Pellegrin JL, Sergeant C. Serum selenium predicts outcome in HIV
infection (Letter). J Acquir Immune Defic Syndr 1995; 10: 392

Patrick L. Nutrients and HIV: part one — beta-carotene and selenium. Alternative
Medicine Review 1999; 4: 403-413

Bologna R, Indacochea F, Shor-Posner G. Selenium and immunity in HIV-infected
pediatric patients. Journal of Nutritional Inmunology 1994; 3: 41-49.

Baum MK, Shor-Posner G. Micronutrient status in relationship to mortality in HIV-1
disease. Nutr Rev 1998; 56: Suppl, S135-139

Shankar AH, Prasad AS. Zinc and immune function: The biologic basis of altered
resistance to infection. Am J Clin Nutr 1998; 68: Suppl, 447S-463S.

Tang AM, Graham NMH, Kirby AJ, McCall LD, Willett WC, Saah AJ. Dietary
micronutrient intake and risk of progression to acquired immunodeficiency syndrome
(AIDS) in human immunodeficiency virus type 1 (HIV-1)-infected homosexual men.
Am J Epidemiol 1993; 138: 937-951.

Piwoz EG, Preble EA. HIV/AIDS and Nutrition: A Review of the Literature

and Recommendations for Nutritional Care and Support in Sub-Saharan Africa
Washington, DC: Academy for Educational Development, 2000: 1-53

Tang AM, Graham NMH, Chandra MK, Saah AJ. Low serum vitamin B,,
concentrations are associated with faster human immunodeficiency virus type 1 (HIV-
1) disease progression. J Nutr 1997; 127: 345-351.

Walker ARP, Walker BF, Metz J. Acceptability trials of maize meal fortified with niacin,
riboflavin and folic acid. S Afr Med J 1983; 64: 343-346.

Baum MK, Mantero-Atienza E, Shor-Posner G, et al. Association of vitamin B status
with parameters of immune function in early HIV-1 infection. J Acquir Immune Defic
Syndr 1991; 4: 1122-1132

Department of Health, South Africa. Food fortification. Integrated Nutrition
Programme 2002; Issue 3:22.



