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1. Introduction 

With the raging global HIV epidemic, there is an urgent need to exploit all potential 

interventions to halt its continued spread and to enhance the health, quality of life and survival of 

those already infected. Nutritional interventions may play a major role. Current evidence on the role 

of micronutrients in childhood infections has led to the development and implementation of 

preventive and therapeutic interventions that reduce infectious disease morbidity and mortality among 

children in developing countries. Similarly, existing data and data emerging from ongoing and future 

research could result in interventions to improve micronutrient intake and status which could 

contribute to a reduction in the magnitude and impact of the global HIV epidemic. Such interventions 

are feasible and affordable, do not require HIV testing facilities and may even be beneficial to people 

without HIV infection.  

2. The malnutrition-infection complex 

It is well established that an infection may lead to micronutrient deficiencies and that 

micronutrient deficiencies may affect the risk of infectious disease morbidity (1,2). As seen from the 

conceptual framework presented in Figure 1, the effects of an infection are mediated via the acute 

phase response and localized lesions, leading to reduced intake and absorption and increased 

utilization and loss of micronutrients. A micronutrient deficiency may affect the risk of infection with 

a specific infectious agent as well as the severity of the infectious disease morbidity. These effects are 

mediated via pathogenicity of the infectious agent, host risk behaviour or the host defence (3) and 

may be either synergistic or antagonistic. A synergistic relationship exists when a specific 

micronutrient deficiency increases infectious disease morbidity, in which case either improved 

micronutrient intake or treatment of the infection will break the vicious circle. An antagonistic 

relationship exists when a specific micronutrient deficiency reduces—or increased intake increases—

infectious disease morbidity (1). In fact, a micronutrient may act synergistically in moderate doses but 

antagonistically in high doses. For example, zinc, although essential to the immune system (4), is 

immunosuppressive in high doses (5). 
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Studies on the role of micronutrients in infectious diseases have resulted in an evidence base, 

which can be used to develop preventive and therapeutic micronutrient interventions which, if 

implemented, may save millions of lives (6,7). For example, vitamin A supplementation has been 

shown to reduce all-cause mortality in children under 5 years of age by 30% and fatality among 

children hospitalized with measles by 60–70% (8,9). On the basis of global prevalence data, vitamin 

A deficiency was estimated to be the underlying cause of up to 2.5 million child deaths annually (10). 

Vitamin A supplementation programmes targeting children have therefore become a key health 

intervention in developing countries (11). Similarly, zinc deficiency is widespread in developing 

countries (12), and data from randomized, controlled trials (RCTs) have documented that zinc 

supplementation reduces the risk of both diarrhoea and respiratory tract infections (13) and the 

severity and fatality of diarrhoea (14).  

3. Effects of HIV infection on micronutrient status 

The effect of an infection on nutritional status is determined by its natural history and actual 

course and is particularly detrimental if generalized, severe, long lasting or recurrent.  

3.1. Natural history of HIV infection 

HIV infection is characterized by an acute syndrome accompanying the primary infection, 

followed by a prolonged asymptomatic state eventually leading to advanced HIV disease (15). 

Around 3–6 weeks after being infected with HIV, most individuals experience a febrile illness lasting 

a couple of weeks with anorexia, nausea and diarrhoea followed by weight loss. During this acute 

HIV syndrome, the viral load peaks and is mirrored by a nadir in CD4+ count which occasionally 

results in opportunistic infections. The CD4+ count then returns to almost normal values while the 

viral load stabilizes around an individual set point (Figure 2). A long asymptomatic period then 

follows during which viral load slowly increases and CD4+ count declines. This period is not a true 

latency period because viral replication continues (16), resulting in a progressive decline in CD4+ 

counts of around 50 cells per year. After a number of years, opportunistic and other infections become 

increasingly frequent. The length of the asymptomatic period and the type, timing and frequency of 

the subsequent opportunistic infections may vary depending on general health and exposure to 
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pathogens. For example, in developing countries more than 90% of HIV-positive individuals get 

diarrhoea compared with less than half in developed countries (17), and reactivation of latent 

tuberculosis is common (18). Although prevention or treatment of tuberculosis and other infections 

may delay HIV progression (19), the patient will eventually become wasted and die if antiretroviral 

(ARV) drugs are unavailable.  

3.2. Methodological issues  

Defining the intake of specific micronutrients necessary to prevent deficiencies among people 

living with HIV is important. However, the interpretation of currently available data is impeded by a 

number of methodological difficulties.  

The presence of micronutrient deficiencies in HIV-positive individuals cannot be attributed to 

direct biological effects of HIV infection. Selection bias is a major problem in most studies, but even 

if micronutrient status was accurately assessed in random samples of HIV-positive and -negative 

individuals, it would not be possible to attribute any difference in status to HIV infection because HIV 

infection does not occur randomly. This is particularly so in underprivileged populations where lack 

of shelter, food and money is associated with unprotected sex. Confounding is therefore likely to be a 

major problem because poor socioeconomic status is associated with HIV infection and is also a 

strong determinant of food and nutrition insecurity. Finally, reverse causation cannot be excluded if 

micronutrient deficiencies increase susceptibility to HIV infection. 

3.2.1. Assessment of micronutrient status  

A major limitation of assessment is the lack of adequate markers of micronutrient status. For 

some micronutrients no satisfactory marker exists even under ideal conditions. For other 

micronutrients reasonable markers exist but fail to reflect micronutrient status in the presence of 

infectious and other diseases eliciting an acute phase response.  

The acute phase response, accompanying generalized and severe infections, mediates the 

effect of infections on micronutrient status but also disproportionately affects the level of the markers 

of micronutrient status (20–22). The validity of these markers is therefore impaired during the acute 

phase response. For example, serum retinol is reduced during an acute phase response to infection. 

This partly reflects a true effect of the infection on vitamin A status and partly an apparent effect due 
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to a transient decline in serum retinol binding protein, the carrier protein of retinol. Serum ferritin 

increases during an acute phase response, which may partly reflect an increased iron sequestration 

when haemoglobin declines and partly that serum ferritin behaves as an acute phase reactant. 

Adjusting for one or more acute phase reactants in multivariable analysis has been recommended as a 

way to control for the potential confounding effect of the acute phase response (23–25). However, 

which acute phase reactant or combination of reactants to use is not known. In fact, the effect of the 

acute phase response on a specific micronutrient may well differ not only with respect to magnitude 

but also duration and different acute phase reactants may have to be used.  

3.2.2. Assessment of HIV stage 

Another limitation is the lack of accurate information on the stage of HIV infection in most 

published studies. That information is important because the effects of HIV infection on micronutrient 

status depend on the stage of infection as well as on the occurrence of common and opportunistic 

infections and whether the patient is receiving ARV treatment (ART). With information about viral 

load, CD4+ counts and coinfections, it may be possible to better understand the change in 

micronutrient status with advancing HIV infection and the underlying mechanism. It is likely that the 

low status seen in early asymptomatic HIV is mainly due to reduced absorption whereas reduced 

intake become increasingly important with advancing infection and increased utilization and loss of 

micronutrients when diarrhoea and other coinfections become frequent. 

3.3. Possible effects and current knowledge 

3.3.1. Primary HIV infection 

The effects of primary HIV infection on micronutrient status have not been studied. 

Nonetheless, it is conceivable that the acute HIV syndrome, with fever, anorexia, nausea, and 

diarrhoea followed by weight loss, may impair micronutrient status. However, because the acute stage 

is transient, it is mainly of concern in individuals with prior poor micronutrient status or lack of access 

to an adequate convalescent diet. Such deficiencies, precipitated or exacerbated by a symptomatic 

primary HIV infection, could be pivotal by affecting the viral load set point and host defence and 

thereby affecting HIV transmission and progression.  
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3.3.2. Asymptomatic HIV infection 

Little acute phase response occurs during the long asymptomatic stage of HIV infection (25), 

but viral replication occurs continuously, leading to the slow but relentless increase in viral load over 

a number of years. Changes in the structure and function of the intestinal tract seem to occur relatively 

early in HIV infection. An HIV enteropathy characterized by villous atrophy and crypt hyperplasia 

and accompanied by malabsorption has been described in HIV-positive individuals (26). Reduced 

absorption likely leads to impaired micronutrient status at this stage, which may be important because 

of the stage’s long duration.  

Few studies on micronutrient status have been conducted with asymptomatic HIV-positive 

individuals and appropriate comparison groups. However, some studies have been done in developing 

countries in pregnant women attending antenatal care. HIV-positive pregnant women are usually at an 

early stage of infection, partly because even early HIV infection reduces fertility and increases foetal 

loss (27,28). Accordingly, among 1669 Zimbabwean pregnant women, those with HIV infection had 

mean viral load of 3.85 log (29) and morbidity, body composition and serum α1-antichymotrypsin 

similar to values for HIV-negative women (24,25,30). Nonetheless, serum retinol and β-carotene were 

considerably lower and α-tocopherol, ferritin and folate were slightly but significantly lower after 

adjustment was made for elevated acute phase proteins. These differences most likely reflect 

increased requirements in HIV-positive individuals but this could not be substantiated because intake 

was not controlled for.  

In this developing country setting, most women seek antenatal care when pregnant and are 

rarely aware of their HIV status. Although selection bias is therefore not likely to be a problem, HIV-

positive and -negative women may not have comparable socioeconomic backgrounds. Confounding 

cannot be excluded because poor socioeconomic status may be associated with unprotected sex and 

HIV infection and be a cause of poor micronutrient status. Controlling for dietary intake and possibly 

other socioeconomic factors is therefore critical. 
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3.3.3. Symptomatic HIV infection 

During symptomatic HIV infection, the effects of HIV in the gastrointestinal tract are more 

severe. The increasingly frequent enteric and other infections result in both acute phase responses and 

localized lesions which further exacerbate an impaired micronutrient status.  

A number of early studies from developed countries, before the use of ARV drugs, reported 

low serum levels of several micronutrient indicators, such as vitamin A; carotenoids; vitamins B6, B12, 

C and E; folate; as well as selenium and zinc in adults (31–36) and children (37). However, these 

studies were mostly hospital based and contained little information about the stage of HIV infection 

and how HIV-positive and -negative controls were selected. Furthermore, the acute phase response 

was not controlled for, which leads to overestimation of the association between HIV and deficiencies 

for some of the micronutrients. Many patients may have taken supplements in response to their HIV 

diagnosis and coinfections. This may have led to gross underestimation of the effect of HIV infection 

on micronutrient status, making it difficult to base conclusions on these data. 

One study attempted to control for the intake of micronutrients and will therefore be 

mentioned in more detail. This cross-sectional study was conducted in 108 HIV-positive homosexual 

men in United States (31). Serum vitamins A, B6, B12 and E and serum zinc were assessed and 

compared with values for 38 HIV-negative homosexual men. All subjects were selected from 

hospitals, clinics or community programs. All were free from other diseases, but 19% of the HIV-

positive men had symptoms and 90% had normal weight. HIV-positive men had higher triceps 

skinfold thickness than did the HIV-negative men. More HIV-positive men took supplements and had 

a higher total intake of all micronutrients than did HIV-negative men. In fact, most HIV-positive men 

had intakes above the recommended dietary allowance. Intakes at or above the recommended dietary 

allowance were associated with normal plasma levels in the HIV-negative men. In contrast, in HIV-

positive men even intakes several times the recommended dietary allowance were not associated with 

adequate serum levels. No attempt was made to control for the acute phase response, and data were 

not given separately for subjects with and without symptoms. The authors concluded that intake of 

nutrients at levels recommended for the general population did not appear adequate for HIV-1–
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positive men (36). Despite its limitations, this study has contributed considerably to the widespread 

notion that HIV- positive individuals need multiples of recommended dietary allowances. 

Prevention and prompt treatment of opportunistic infections and effective ART will most 

likely reduce the effect of HIV infection on micronutrient status. For example, antioxidant status is 

considerably improved in patients on protease inhibitors (38). Nevertheless, drugs often have adverse 

effects, such as nausea, vomiting and diarrhoea, or affect micronutrient metabolism, resulting in a 

negative effect on micronutrient status.  

3.4. Conclusion and research priorities 

In analogy with other infections and on the basis of knowledge about the natural history of 

HIV infection, it is expected that HIV infection, through various mechanisms operating at different 

levels, impairs micronutrient intake and status. Accordingly, available data suggest that HIV infection 

impairs the status of a range of micronutrients and that HIV-positive individuals may have increased 

requirements. However, because the methodological shortcomings mentioned above, the available 

data do not allow development of specific, evidence-based dietary guidelines. In particular, it is not 

clear whether micronutrient requirements can be met through the diet. 

Studies are needed to determine the levels of intake of specific micronutrients that are 

required to prevent clinical and biochemical signs of deficiencies in people with HIV infection. For 

micronutrients for which status cannot be assessed (e.g., zinc), a factorial approach should be used. 

Such studies should be conducted in HIV-positive patients at different stages of disease, as assessed 

using viral load, and also taking the occurrence of coinfections and ART into consideration. The 

appropriate design of such studies should be discussed and standard protocols should be developed. 

Key concerns are the control of dietary intakes of individual micronutrients and the acute phase 

response. 

Recommendations on micronutrient intakes for people with HIV infection should address 

levels that prevent clinical and biochemical signs of deficiency. They should also be based on the 

effects of micronutrient status and intake on HIV progression and morbidity, and possibly 

transmission, as discussed below. 
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4. Effects of micronutrients on HIV infection 

Micronutrient deficiencies as well as interventions to increase micronutrient intake may be 

determinants of susceptibility to HIV infection, transmission and progression, including risk of 

opportunistic and other infections (Table 1) as well as of a range of non-HIV outcomes that will not 

be considered further here (Table 2). Although the micronutrient requirements are likely to be 

reduced when the HIV patient is put on ARV, micronutrient deficiencies may persist and may affect 

absorption, pharmacokinetics and hence toxicity and efficacy of the drugs, as discussed elsewhere 

(39).  

Given the routes of transmission of HIV infection, it is likely that micronutrient deficiencies 

may impair the epithelial integrity, the differentiation of target cells and other host defence 

mechanisms of an exposed sexual partner or offspring, thereby facilitating viral entry and replication. 

Micronutrient deficiencies may affect viral load of the HIV-positive individual, systemically 

or locally in genital secretions and breast milk, and thus affect both HIV progression and infectivity. 

These effects are mediated by oxidative stress and impaired immune functions (Figure 3). The 

oxidative stress may lead to activation of the nuclear transcription factor NF-κB, resulting in increased 

viral replication (40). The impaired immune functions resulting from lack of essential micronutrients 

have been called nutritionally acquired immune deficiency syndrome, or NAIDS (41). NAIDS may 

contribute to the depletion and dysfunction of CD4+ cells but also makes the host susceptible to other 

infections which may increase viral replication and hence quicken HIV progression (19). Plasma viral 

load is a strong determinant of HIV progression but also of viral load in cervicovaginal secretions, 

semen and breast milk although local infections may further boost local viral replication or shedding 

(42,43). Thus, viral load is also a determinant of infectivity with respect to sexual and mother-to-child 

HIV transmission. 

These relationships need to be carefully studied in order to develop effective interventions. 

However, methodological issues complicate the design and interpretation of not only observational 

studies but even of RCTs.  
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4.1. Observational studies  

Several observational studies have attempted to relate micronutrient status or intake to 

mother-to-child and sexual HIV transmission and to HIV progression.  

4.1.1. Methodological issues 

By including individuals with a range of exposure levels (i.e., micronutrient status or intake), 

observational studies may provide information about dose-response relationships that cannot be 

obtained from a RCT. However, because of methodological problems, observational studies alone 

cannot provide the evidence on which recommendations must be based. 

Assessing the relationship between micronutrient status and HIV outcomes is difficult 

because HIV infection and other infections affect the markers for micronutrient status (22). Thus, the 

unavoidable misclassification of micronutrient status is differential, as it is likely to be worse in those 

with more advanced disease. Serum retinol declines during infections (25), which may create a false 

or overestimate a true association between low serum retinol and HIV outcome (i.e., progression or 

transmission). In contrast, serum ferritin increases during infections (24), and a differential 

misclassification may create a false or overestimate a true association between high serum ferritin and 

HIV outcome. Similarly, in studies relating dietary and supplemental intake of micronutrients to HIV 

outcome, the actual or reported dietary intake may be affected by knowledge about the stage of HIV 

infection. This may lead to false associations due to reverse causality and misclassification bias. 

4.1.2. Review of observational studies 

4.1.2.1. Mother-to-child HIV transmission 

Serum retinol (vitamin A) was assessed in 338 HIV-positive, pregnant, Malawian women 

attending antenatal care (44). Mothers and infants were followed for mortality, and infants alive at 12 

months of age were tested for HIV infection. The transmission rate was 7.2% for women with normal 

serum retinol (>1.40 µmol/L) and increased linearly with decreasing serum retinol category to 32.4% 

for those with low serum retinol (<0.70 µmol/L). The strong inverse relationship between serum 

retinol and mother-to-child HIV transmission persisted after controlling for maternal age, body mass 

index and CD4+ count at inclusion and corresponded to a 0.56-times reduction in risk of mother-to-
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child HIV transmission for each 0.45 µmol/L increase in maternal serum retinol. An inverse 

relationship was also found between maternal serum retinol and infant mortality (45). 

Similar relationships between maternal serum retinol and mother-to-child HIV transmission 

were found in a study in Rwanda (46), and in two studies in the United States (47,48). A third study 

from United States found no effects of maternal serum retinol, β-carotene and vitamin E (49). Cross-

sectional studies in Kenya found that low maternal serum retinol was a strong predictor for the 

presence of HIV in breast milk (50) and genital shedding of HIV (51), suggesting a plausible 

mechanism for an effect of vitamin A on mother-to-child transmission through breastfeeding and 

intrapartum routes, respectively. 

 Although attempts were made to control for stage of HIV disease and other potential 

confounding factors, neither the acute phase response nor socioeconomic factors including access to 

health care were controlled for. For example, low serum retinol could merely be a marker of another 

micronutrient deficiency which increased mother-to-child HIV transmission and mortality.  

4.1.2.2. Sexual transmission 

 Sexual transmission depends on infectivity of the HIV-positive individual as well as 

susceptibility of the exposed HIV-negative partner. No studies have addressed the effect of 

micronutrient intake and status in HIV-positive individuals and sexual transmission on clinical 

outcomes. However, a few studies addressed the relationship between micronutrient status and genital 

shedding of HIV. In a cross-sectional study of pregnant HIV-positive women in Nairobi, Kenya, low 

serum retinol was a predictor of HIV DNA in vaginal but not cervical secretions (51). In contrast, no 

relationship was found between serum retinol and HIV RNA in cervicovaginal lavage in women in 

New York, USA (52). Similarly, low serum retinol was also a predictor of vaginal HIV shedding 

among nonpregnant HIV-positive women who attended a sexually transmitted diseases clinic in 

Mombasa, Kenya (42). In a subgroup of women in the same study, low serum selenium was also a 

predictor of vaginal HIV shedding after adjustment for the previously found effect of low serum 

retinol (53). 

Three nested case-control studies addressed the role of vitamin A and other micronutrients 

regarding the risk of acquiring HIV infection for sexually active adults, with quite conflicting results. 
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In Kigali, Rwanda, a cohort of sexually active women was followed every 6 months for 24 months 

(54). No differences were noted for serum concentrations of retinol, carotenoids, vitamin E, ferritin 

and selenium between 45 women who seroconverted and 74 randomly selected women who did not. 

HIV-negative adults attending sexually transmitted disease clinics in Pune, India, were enrolled in a 

cohort and followed every 3 months for HIV infection (55). Serum retinol, various carotenoids and 

vitamin E concentrations were determined for 44 participants who later seroconverted and for 44 

matched HIV-negative controls. The time between the visit when vitamin status was determined and 

the visit when the participant first was found to have HIV seroconverted was 6 months. Serum β-

carotene below 0.075 µmol/L (i.e., the upper tertile) was associated with an increased risk of 

seroconversion (odds ratio [OR] 4.67; 95% confidence interval [CI] 1.34, 16.24), which increased 

further after adjustment for risk behaviour, age and other confounders. Serum retinol and vitamin E 

were respectively associated with non-statistically significant increased (adjusted OR=2.96, p=0.34) 

and decreased (adjusted OR 0.35, p=0.12) risks of seroconversion. Finally, a study was conducted 

among sexually active men in Nairobi, Kenya (56). A cohort of HIV-negative men seeking treatment 

for an acute genital ulcer was established. After treatment, the men were tested for HIV infection at 3-

month intervals; mean follow-up time was 6 months. For each participant who seroconverted, two or 

three consecutive participants who remained HIV negative were included as controls. Surprisingly, 

although there were no differences in socioeconomic status and history of unprotected sex, the 38 

seroconverters had higher baseline serum retinol values than did the 94 controls. Serum retinol greater 

than 0.70 µmol/L was associated with a greater than two-fold increased risk of seroconversion. The 

authors suggest that the results may be due to an effect of vitamin A on differentiation of target cells 

of the monocyte/macrophage lineage in the mucosa, as previously reported (57).  

The outcome of these studies was risk of HIV infection rather than susceptibility per se 

because data on exposure to HIV are difficult to obtain and the acute phase response was not 

controlled for. The status of other micronutrients likely to be associated with vitamin A and of 

importance to risk of HIV infection was not assessed. 
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4.1.2.3. Progression and morbidity 

The role of micronutrient status on progression and morbidity was addressed in several cohort 

or nested case-control studies. Several studies examined the role of vitamin A status in later 

progression of HIV based on serum retinol determinations. Two reports from the same cohort of 

intravenous drug users in the United States found that low serum retinol was associated with increased 

mortality after controlling for low CD4+ counts (58,59). 

Several studies were based on the U.S. Multicenter AIDS Cohort (MAC) Study. In a nested 

case-control design, serum copper was found to be higher and serum zinc lower in 54 HIV-positive 

homosexual men who progressed to AIDS compared with 54 who did not progress within the mean 

2.5-year follow-up (60). There were no differences in the zinc and copper concentrations of toenail 

samples or in zinc and copper intake. However, the associations most likely reflect the effects of 

advancing HIV infection on serum zinc and copper. Data from 311 HIV-positive homosexual men 

from the same cohort showed that high serum vitamin E was associated with a reduced risk of 

progression to AIDS or to death during a mean of 9 years follow-up whereas serum retinol was not 

associated with progression (61). In the same study participants, low serum concentrations of vitamin 

B12 but not vitamin B6 and folate were associated with increased progression (62).  

A relationship between low serum selenium and HIV progression was reported by several 

prospective cohort studies in different study populations. Among 95 adult homosexual men in France, 

low serum selenium was associated with the risk of death after CD4+ counts were controlled for (63). 

Baum et al. (64) followed 125 HIV-positive U.S. drug users for 3.5 years. Low serum retinol, vitamin 

B12, zinc and selenium were all associated with progression to death after CD4+ counts were 

controlled for, but in the final multivariable model only low serum selenium was a predictor (relative 

risk [RR] 10.8; 95% CI 2.4, 49.2). Similar results were obtained by the same group from studies of 

HIV-positive homosexual men (65) and children with symptomatic HIV infection (66). Recently, 

observational data from the Tanzania Vitamin and HIV Trial (67) was reported (68), showing that low 

serum selenium assessed during pregnancy was a predictor of mortality over 5.7 years of follow-up 

among HIV-positive women in Tanzania after adjustment for the trial interventions. However, serum 

selenium seems to be a negative acute phase reactant (69), and there were no attempts to control for 
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the acute phase response in these studies. Low serum selenium has also been suggested as a risk factor 

of mycobacterial disease in HIV-positive individuals (70).  

Several studies addressed the role of iron in HIV infection. A study was conducted in Italy, 

Greece and France of HIV-positive patients with thalassaemia major, a haemoglobinopathy with 

increased iron absorption and risk of iron overload. HIV progressed significantly faster in those 

prescribed a low dose of an iron chelator than in those prescribed an adequate dose (71), and the effect 

seemed to be explained by higher serum ferritin levels (72). In a study of 348 HIV-1–positive U.S. 

adults who had diagnostic bone marrow aspirates done, iron status was assessed through iron staining 

of the bone marrow (73). Those with high iron stores had shorter survival from the time of diagnosis 

than did those with normal or low iron stores. Although direct assessment of iron stores is a better 

measure of iron status than serum ferritin, the association may be due to reverse causality in that iron 

is sequestered and accumulates in the stores with progression of HIV. Other studies assessed the 

effect of iron indirectly. Haptoglobin is an acute phase protein which removes free haemoglobin (74). 

Because heme and iron are prooxidants and catalyse production of free radicals, haptoglobin is an 

important endogenous antioxidant. Although haptoglobin phenotype (Hp) 2-2 may have beneficial 

immunological properties, it has less affinity for haemoglobin. Any harmful effects of Hp 2-2 are 

therefore likely to reflect the local effects of iron due to iron-driven formation of free radicals. 

Interestingly, a cohort study among HIV-1–positive adults in Europe found that those with Hp 2-2 had 

a higher viral load, higher iron stores and significantly shorter survival times (7 years) than did those 

with Hp 1-1 and 2-1 (11 years) (75). In a study among pregnant women in Zimbabwe, Hp 2-2 and 

nondepleted iron stores were found to be independent predictors of viral load after the acute phase 

response was controlled for (29). Although the data could reflect that storage iron and iron not 

removed by haptoglobin increase viral replication, no inference about cause and effect can be made 

from this study. A similar study of pregnant women in Malawi did not reveal any associations 

between iron status and HIV-1 viral load (76–78).  

Given the lack of valid markers of micronutrient status, especially in people with infections, 

data from these observational studies should be interpreted cautiously. Furthermore, because 

micronutrient deficiencies usually coexist, and most studies only assess the status of a single or few 
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micronutrients, confounding by other micronutrients is likely. Studies assessing micronutrient intake 

rather than status may be better able to account for the many micronutrients but have other limitations. 

The role of micronutrient intake in progression of HIV to AIDS was studied in 281 

homosexual or bisexual HIV-positive men taking part in the MAC Study (79). Daily dietary and 

supplemental intakes of micronutrients were assessed using a self-administered semiquantitative food 

frequency questionnaire at inclusion and every 6 months, and the participants were followed for a 

median of 6.8 years. After symptoms, CD4+ counts, Pneumocystis carinii pneumonia prophylaxis and 

energy intake were controlled for, vitamin A, niacin, and zinc were predictors of progression whereas 

vitamin C intake was only marginally significant. Compared with the lowest three quartiles combined, 

the highest quartile of intake was associated with lower risk for both niacin (0.51; 95% CI 0.29, 0.92) 

and vitamin C (0.59; 95% CI 0.34, 1.03). In contrast, for vitamin A, the second and third quartiles 

combined, compared with the lowest, were associated with reduced risk (0.57; 95% CI 0.35, 0.91) but 

the highest quartile was not (0.95; 95% CI 0.54, 1.69). This led the authors to suggest a U-shaped 

relationship between vitamin A and HIV progression. Surprisingly, the risk of progression to AIDS 

increased with increasing zinc intake. The third and fourth quartiles were associated with relative risks 

of 1.85 (95% CI 1.03, 3.31) and 2.97 (95% CI 1.59, 5.56), respectively (79). With time-to-death as the 

outcome (80), intakes of thiamin, riboflavin, vitamin B6 and niacin were all associated with reduced 

risk of death. Because these four B vitamins were strongly correlated, vitamin B6 was chosen to 

represent the B vitamins in the final multimicronutrient model: vitamin B6 in the fourth (0.45; 95% CI 

0.28, 0.73) and β-carotene in the third (0.60; 95% CI 0.37, 0.98) quartiles were associated with 

reduced risk whereas intakes of zinc in the third (1.84; 95% CI 1.16, 2.93) and fourth (2.44; 95% CI 

1.51, 3.95) quartiles were associated with increased risks. In fact, use of zinc supplements was 

associated with increased risk of death (1.49; 95% CI 1.02, 2.18).  

However, the study does not address the effects of low intakes. For example, over 75% of the 

study participants had intakes of vitamin A above 180% of the recommended dietary allowance. 

Although half consumed less than the recommended dietary allowance for zinc, some had very high 

intakes of supplemental zinc. Because the bioavailability of zinc is high in a balanced Western diet, 

some individuals may have had high intakes of zinc causing immunosuppression. These findings may 
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not be applicable to developing countries, where the intake and bioavailability of zinc and other 

micronutrients are low.  

No effect of zinc intake was observed in the San Francisco Men’s Health Study (81). In this 

prospective cohort study, dietary and supplemental intake of various micronutrients was assessed and 

the participants were followed for 6 years for progression to AIDS. After the disease stage at 

enrollment was controlled for via a composite measure of symptoms and CD4+ count, high intakes of 

iron, vitamin E and riboflavin were associated with reduced progression to AIDS. High intakes of 

vitamin A, thiamin and vitamin C were associated with reduced progression but were only marginally 

significant. The daily intake of a micronutrient supplement was also a negative predictor of 

progression (81). 

4.2. Intervention studies 

RCTs to assess the effect of micronutrient interventions have become increasingly common 

the past two decades. With a randomized, placebo-controlled, double-blind trial, it is possible to 

efficiently control confounding and reduce bias, and this type of trial is therefore the strongest tool for 

establishing a cause-effect relationship. Nonetheless, in nutrition research difficulties exist with 

respect to both design of the intervention and interpretation of the results. 

4.2.1. Methodological issues 

Most micronutrient trials are based on the implicit but often wrong assumptions that all study 

participants are initially deficient with respect to one or more micronutrients and are successfully 

repleted by the micronutrient intervention, although it is possible that supplementation may improve 

immune functions and clinical outcomes in those who are not deficient. A simple linear or threshold 

dose-response relationship cannot be assumed because different doses may have different and even 

opposite effects, and the effect of the same dose may depend on baseline micronutrient intake or 

status. For example, a zinc supplement may increase immune function in individuals with low 

baseline intake, have no effect in those with adequate intake and impair immune function in those 

with a high intake.  

Micronutrients often interact. This means that the effect of a micronutrient deficiency—and of 

a micronutrient supplement—depends on the status and intake of other micronutrients. An example of 
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a micronutrient-micronutrient interaction is copper deficiency, which, although rarely a problem 

unless the intake of zinc is very high, may lead to iron deficiency anaemia because copper is essential 

for the enzyme responsible for transport of iron into haemoglobin (82). Iron supplementation may 

affect the distribution of vitamin A, and zinc deficiency impairs the conversion of β-carotene to 

vitamin A and mobilization of vitamin A from the stores (82,83). The antioxidant vitamin C in the 

diet increases absorption of nonheme iron (84) and also restores the radical-scavenging activity of 

vitamin E (85). Because both vitamin E and selenium scavenge reactive oxygen species, a higher 

intake of one reduces the requirements for the other (86) whereas the requirements for both are 

increased if the intake of the prooxidant iron is high (87). Accordingly, data from a randomized, 

controlled micronutrient trial may have high validity but the generalizability to different populations 

should be carefully considered. 

4.2.2. Review of intervention studies 

4.2.2.1. Mother-to-child transmission and other pregnancy outcomes 

An observational study in Malawi showed that low serum vitamin A was a strong, negative 

predictor of mother-to-child HIV transmission (44). On the basis of this study, three large 

micronutrient supplementation trials were conducted among pregnant HIV-positive women in South 

Africa (88), Malawi (89) and Tanzania (i.e., the Tanzania Vitamin and HIV Trial referred to above) 

(90–92). These trials all assessed the effect of maternal vitamin A supplementation but were different 

with respect to baseline vitamin A status, study intervention and co-interventions (i.e., micronutrient 

interventions provided to all study participants).  

Vitamin A status at inclusion seemed to be considerably lower among women in Malawi 

(mean serum retinol 0.72 µmol/L) than in women in South Africa (0.95 µmol/L) and Tanzania (0.90 

µmol/L). The study interventions were different with respect to dose, form, duration and regimen 

(Table 3). For example, vitamin A was given as preformed vitamin A supplements in the Malawian 

trial whereas a combination of preformed vitamin A and the provitamin A carotenoid β-carotene was 

given with a postpartum megadose of vitamin A in the South African and Tanzanian trials. In Malawi 

and South Africa the daily supplement was only given prenatally (i.e., from recruitment until delivery) 

whereas it was given perinatally (i.e., from recruitment through pregnancy and throughout lactation) 
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and for several years after in the study in Tanzania. The trials also differed with respect to when 

vitamin A was provided to all study participants. In Malawi, all mothers were given 100 000 IU at 6 

weeks postpartum, and in Tanzania all infants received 100 000 IU at 6 months and thereafter double 

that amount every 6 months. Iron and folic acid supplements were provided to all study participants 

but the doses differed: in Malawi, South Africa and Tanzania, the daily doses of iron and folic acid 

were 30/0.4, 60/5 and 120/5 mg/mg, respectively. The Tanzanian trial used a two-by-two factorial 

trial whereby the effects of two interventions could be assessed simultaneously. The other 

intervention was a multivitamin supplement containing six B vitamins and vitamins C and E in doses 

between 3 and 10 times the recommended dietary allowance. Details about the design of these trials 

are presented in Table 3. 

Considering the results of observational studies, the effects of the similar, albeit not identical, 

vitamin A interventions were surprising. In South Africa, vitamin A supplementation reduced the risk 

of preterm delivery but had no effect on mother-to-child HIV transmission when assessed at 3 months 

of age (88). Because a considerable proportion of mothers did not breastfeed their infants, as reflected 

by the relatively low transmission rates at 3 months, effects of vitamin A supplementation were not 

assessed at later times in South Africa. In Malawi vitamin A supplementation reduced risk of low 

birth weight and infant anaemia but had no effects on preterm delivery or mother-to-child HIV 

transmission at 6 weeks and 12 and 24 months of age (89). In Tanzania no effects on non-HIV 

pregnancy outcomes were found (90). Transmission over the first 24 months was increased by almost 

40% (RR 1.38 [95% CI 1.09, 1.76]) in mothers receiving vitamin A (93). There were also higher 

relative risks of infant HIV infection at birth and 6 weeks of age (91) of about the same magnitude as 

the total relative risk over the first 2 years of life, although these effects were only marginally 

significant. Significantly more women receiving vitamin A supplements had detectable HIV in 

cervicovaginal lavage (92). The effects of the vitamin A interventions are presented in Table 4. The 

relative risks were consistently below 1 in the South African (0.91) and the Malawian trials (0.84–

0.96), but above 1 in the Tanzanian trial (1.22–1.49) at all follow-up points, although only the latest at 

24 months (1.38) was significant. The differences in the vitamin A regimens in the three studies do 
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not seem to explain the differences in results. Rather, the effect of vitamin A in the Tanzanian study 

seems to be basically different from the effects in the two other studies, even at birth and 6 weeks.  

The inverse association between serum retinol and mother-to-child HIV transmission in 

observational studies and the lack of beneficial effects of vitamin A supplementation in these trials 

was surprising. However, it underscores the potential for confounding in observational studies, 

especially when micronutrient status is used as the exposure. Because serum levels of several 

micronutrients are correlated and affected in the same direction by the acute phase response and 

advancing HIV infection, confounding is obviously a major potential problem.  

The apparent lack of effect of vitamin A supplementation in the trials in Malawi and South 

Africa and the adverse effect in the trial in Tanzania are difficult to explain. Confounding and bias 

may occur in RCTs. Confounding may occur if the randomization fails to balance other risk factors of 

the outcome, either by chance or because of flaws in the randomization process, or if inappropriate 

comparisons are made, and bias may occur because of a lack of randomization concealment, blinding 

and follow-up. Nonetheless, although chance cannot be excluded, there seems to be no reason to 

question the validity of the findings. Thus, the inconsistency between trial results may more likely be 

due to effect modification, such as the presence—in Tanzania, but not in Malawi and South Africa, or 

vice versa—of a factor that modifies the effect of the vitamin A intervention on mother-to-child HIV 

transmission. One factor that differed among sites was iron supplementation, which according to 

national policy was 120 mg/day in Tanzania whereas only 30 and 60 mg/day in Malawi and South 

Africa. Whether a high iron intake may modify the effect of vitamin A or β-carotene is not known. 

However, there is some evidence that the antioxidant vitamin C may acquire prooxidant properties in 

the presence of iron (94), and one may speculate whether in this trial β-carotene had adverse effects at 

the time of delivery and during lactation as a result of a build up of iron stores by the high-dose 

prenatal iron supplements. Vitamin A has been suggested to interact with childhood vaccinations with 

respect to mortality (95), but it is not clear whether the immunization schedule differed among trials. 

Other potential effect modifiers could be malaria treatment and prophylaxis, dietary intake of other 

nutrients, other infections, etc. 
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The multivitamin intervention of the Tanzanian trial considerably reduced adverse pregnancy 

outcome, such as foetal loss (RR 0.61; 95% CI 0.39, 0.94), small for gestational age (RR 0.57; 95% 

CI 0.39, 0.82) and low birth weight (RR 0.56; 95% CI 0.38, 0.82), and increased haemoglobin 

concentration and CD4+ count (90). In contrast, the relative risks of multivitamins on mother-to-child 

HIV transmission at birth, 6 weeks and 24 months were 1.54 (95% CI 0.94, 2.51, p=0.08), 1.17 (95% 

CI 0.81, 1.70) and 1.04 (95% CI 0.82, 0.1.32), respectively. The high RR at birth is noteworthy but 

may, as suggested by the authors, be attributable to survival bias (i.e., that the reduction in fetal loss is 

mirrored by more children being born with HIV).  

However, among children found HIV negative at 6 weeks, multivitamins were associated 

with reduced transmission in mothers with low lymphocyte count (0.37; 95% CI 0.16, 0.87, 

interaction p=0.03) and low haemoglobin (0.48; 95% CI 0.24, 0.93, interaction p=0.06) although not 

low CD4+ count (0.93; 95% CI 0.55, 1.58, interaction p=0.69). Interestingly, maternal multivitamin 

supplementation also improved health of the offspring as it significantly increased CD4+ count and 

reduced diarrhoeal morbidity (96).  

The effect of a prenatal multimicronutrient supplement on birth size was assessed in a 

randomized, controlled effectiveness trial among Zimbabwean women (97). Multimicronutrient 

supplementation was associated with 49 g (95% CI -6, 104) higher birth weight. The effect was 101 g 

(95% CI -3, 205) for the 33% of the population that was HIV positive and only 26 g (95% CI -38, 91) 

for the HIV-negative women, although the interaction was not significant. The effect on mother-to-

child HIV transmission could not be assessed.  

A large trial on the effect of postpartum maternal and infant megadose vitamin A 

supplementation, using a factorial design, was conducted among 14110 mother-infant pairs in 

Zimbabwe (98). The mother-infant pairs were randomised to maternal postpartum vitamin A (400.000 

IU) or placebo, and infant vitamin A (50.000 IU) or placebo (99). Among infants found HIV negative 

at 6 weeks, there were no effects of maternal and infant supplementation on HIV infection or HIV 

infection and death at 6, 12 and 18 months after adjustment for maternal CD4, early breast feeding 

pattern and other factors (98). 
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4.2.2.2. Sexual transmission 

 No RCTs have been conducted to assess the effect of micronutrients in sexual transmission. 

Although effects on both infectiousness and susceptibility would be of interest, conducting such 

studies using clinical outcomes would be difficult for ethical and scientific reasons. However, studies 

using viral load in cervicovaginal secretion or semen as proxy endpoints of female-to-male and male-

to-female transmission, respectively, are feasible. 

4.2.2.3. Progression and morbidity 

The effect of a daily multimicronutrient supplement on HIV progression and survival was 

evaluated in a randomized, placebo-controlled, double-blind trial in Thailand (100). The 481 HIV-

positive participants had CD4+ counts between 50 and 550 x 106 cells/µL and had not taken 

antiretroviral drugs for the 30 days before recruitment. The commercial supplement contained 18 

micronutrients as well as magnesium and cystine. The study participants were advised to take two 

tablets daily for 48 weeks. The supplemental intake of most micronutrients exceeded the 

recommended dietary allowances. Although only 23 died, the mortality ratio was 0.53 (95% CI 0.22, 

1.25) but was 0.37 (95% CI 0.13, 1.06) in those with CD4+ counts below 200 and 0.26 (95% CI 0.07, 

0.97) in those with counts below 100. However, there were no effects on CD4+ count or viral load. 

This trial was the first to be reported on the effect of micronutrients on progression in adults. 

Although the results are encouraging, effects with reasonable statistical certainty were only seen in 

subgroups with low CD4+ counts. Finally, effects on CD4+ count and viral load did not accompany 

the effect on mortality. Although effects on CD4+ count and viral load would have been biologically 

plausible and reassuring, they are not necessarily part of the causal pathway. The effect on mortality 

could reflect effects on risk of other infections or maintenance of lean body mass.  

In the Tanzania Vitamin and HIV Trial, the HIV-positive women continued to receive daily 

supplements of vitamin A and multivitamins for several years in order to assess the effect on the 

mothers’ HIV progression (101). In the primary analysis the effect of multivitamins alone, vitamin A 

alone and both were compared with placebo for both interventions. Multivitamin supplementation 

alone was shown to reduce progression of HIV to AIDS or death from AIDS-related causes by 59% 

(RR 0.41 [95% CI 0.20, 0.85]) over the first 2 years and by 29% (RR 0.71 [95% CI 0.51, 0.98]) over 
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the whole 4–8 year supplementation and follow-up period. The reduction in progression of HIV was 

accompanied by reductions in episodes of HIV-related morbidity. The effects of multivitamin 

supplementation on the clinical outcomes were probably mediated by viral load and CD4+, because 

there was a 0.18 log10 reduction in viral load and a 48 (95% CI 10, 85) x 106 cell/L increase in CD4+ 

count throughout the study. Vitamin A alone had no effect on the primary outcome, progression to 

AIDS or AIDS-related death, neither over the first 2 years (RR 0.76 [95% CI 0.42, 1.37]) or over the 

whole period (RR 0.88 [95% CI 0.64, 1.19]), but was associated with a reduced risk of more than two 

stages of progression and progression to stage 3 or more. However, vitamin A had not effect on HIV-

related morbidity, CD4+ count or viral load.  

A randomized, controlled vitamin A supplementation trial was conducted with 687 Tanzanian 

children between 6 and 60 months of age who were hospitalized with pneumonia in Dar es Salaam 

(102,103). Vitamin A supplementation (200 000 IU on the day of admission and the following day, 

half to those below 12 months of age) had no significant effect on case fatality (RR 1.63; 95% CI 

0.67, 3.97) (102), but additional doses after 4 and 8 months reduced all-cause mortality over 2 years 

after discharge (RR 0.51; 95% CI 0.29, 0.90). Among the 58 (9%) of the children found HIV positive, 

all-cause mortality was reduced by 63% (RR 0.37; 95% CI 0.14, 0.95) (103).  

The effect of vitamin A supplementation on morbidity was assessed in an RCT in 118 

children of HIV-positive mothers in Durban, South Africa (104). The children received vitamin A 

(50 000 IU at 1 and 3 months, 100 000 IU at 6 and 9 months and 200 000 IU at 12 and 15 months of 

age) or placebo. Vitamin A reduced overall morbidity by 31% (OR 0.69; 95% CI 0.48, 0.99) and 

diarrhoeal morbidity by 49% (OR 0.51; 95% CI 0.27, 0.99) in 28 children known to be HIV positive.  

In contrast, no effect on diarrhoeal morbidity or mortality was found from supplementing 

HIV-positive adults with high doses of vitamins A, C and E; zinc; and selenium for 2 weeks (105). 

However, the patients had advanced HIV disease with persistent diarrhoea and may not have absorbed 

the micronutrients. A reduction in hospitalization rate due to daily selenium supplementation was 

reported from an RCT among 187 HIV-positive U.S. adults (106).  

A study was conducted in Mwanza, Tanzania, among patients with pulmonary TB, of which 

almost half were HIV co-infected, with an aim to assess the effect on sputum culture conversion and 
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weight gain (107). The patients were randomised to receive two daily tablets containing zinc (45 mg 

of elementary zinc) or placebo and multimicronutrients (vitamins A, B, C, D, E, and selenium and 

copper, in 3-10 times the RDA) or placebo, throughout TB treatment. While there was no effect on 

culture conversion (108), zinc and multimicronutrients together, but neither alone, increased the 

weight gain by 2.37 kg (95% CI: 0.91; 3.83). Among HIV co-infected patients, zinc and 

multimicronutrients combined reduced mortality (RR 0.29; 95% CI: 0.10, 0.80), although there were 

no effects on viral load. However, mortality was not a primary outcome and effects were only seen in 

subgroups, so the findings need to be confirmed in different settings (107).  

4.2.2.4. HIV viral load 

RCTs using clinical end-points, such as transmission or progression, require long follow-up 

and large sample sizes and may be ethically difficult. HIV load in various body fluids and secretions 

have therefore been used as proxy end-points for transmission and progression (Table 1). This seems 

reasonable in view of the convincing data showing that plasma HIV load is a strong determinant of 

progression of HIV infection to death (109), as well as sexual (110) and mother-to-child transmission 

(111,112). However, a micronutrient intervention may have beneficial effects on clinical outcomes 

despite a lack of effect on viral load, as was seen in the trial from Thailand (100) and the trial among 

HIV-co-infected TB patients in Tanzania (107). It is not clear whether this is because the effect is 

mediated through mechanisms other than viral replication, such as maintenance or gain in lean body 

mass. Alternatively, it is possible that viral load is too insensitive a measure of viral replication, and 

that change in viral load after ex vivo stimulation of whole blood may be a better measure. However, 

viral load in cervicovaginal secretion and semen is likely a stronger determinant of intrapartum 

mother-to-child and sexual transmission, respectively, and milk viral load is likely a stronger 

determinant of postnatal mother-to-child transmission than is plasma viral load.  

Several RCTs have assessed the effect of a micronutrient supplement on viral load (Table 5). 

The effect of vitamin A was studied in four trials. Neither a single megadose of 200 000 IU given 

postpartum to 24 pregnant South African women (113) nor a single megadose of 300 000 IU given 

postpartum to 40 Zimbabwean women (114) had any effect on plasma HIV load. Similarly, 10 000 IU 

vitamin A daily given over 6 weeks to 400 Kenyan women who were not pregnant had no effect on 
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plasma viral load or genital HIV DNA or RNA (115). In 120 intravenous drug users, a single dose of 

200 000 IU had no effect on viral load assessed after 2 and 4 weeks (116). However, a study in 

Canadian HIV-positive individuals found that daily supplementation with large doses of vitamins C 

and E (1000 mg and 800 IU, respectively) for 12 weeks was associated with a considerable but 

nonsignificant reduction in plasma viral load (117): the mean plasma viral load increased 0.5 log in 

the placebo and declined 0.45 log in the intervention group. Based on a randomised iron 

supplementation trial in Kenya, no effect of 60 mg iron given twice weekly on viral load was seen 

among 25 HIV-positive individuals (118). The effect of selenium and multivitamins was assessed as 

part of the Kenyan vitamin A trial mentioned above (115), using the same placebo group (119). There 

was no effect on vaginal HIV shedding but the intervention was reported to increase cervical 

shedding. However, although the proportions of women shedding HIV from the cervical tract at 

follow-up were 31% and 17% in the intervention and placebo groups, respectively, the proportions at 

baseline were 25% and 18%. In the Thai trial mentioned above (100) the viral load was also assessed 

in semen and cervico-vaginal secretions, but no effects were found (120). As mentioned, in the trial 

among patients with pulmonary TB and HIV, no effect of daily supplements with 45 mg of zinc, and 

of a multimicronutrient supplement, on plasma viral load were found (107). 

 

5. Current evidence of role of individual micronutrients 

5.1. Vitamin A 

In view of the importance of vitamin A to immune functions and childhood infections 

(121,122) and mortality (8,9), it is plausible that vitamin A is beneficial in HIV infection. However, in 

vitro studies in different cell lines suggest that vitamin A may both reduce (123) and increase viral 

replication (57). 

Despite the biological plausibility of a role for vitamin A in epithelial integrity, no data 

support the hypothesis that increased vitamin A intake or status reduces susceptibility to infection 

through sexual transmission. Vitamin A supplementation does not seem to affect viral load in plasma. 

Maternal vitamin A supplementation during pregnancy and postpartum was not found to affect 
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mother-to-child HIV transmission in two trials (88,89). However, in the Tanzanian trial, vitamin A 

supplementation increased risk of HIV shedding in cervicovaginal lavage and mother-to-child HIV 

transmission (92,93). It is not clear which component of the vitamin A intervention had adverse 

effects (i.e., preformed vitamin A or β-carotene) and if the adverse effect was due to interaction with 

other factors.  

Despite the lack of effect on plasma viral load in adults, regular megadoses of vitamin A to 

HIV-positive children under 5 years of age have been shown to reduce diarrhoeal morbidity (104), 

diarrhoeal- and AIDS-specific mortality and all-cause mortality (103). However, these effects were 

only demonstrated in subgroups with relatively few children, where confounder control is less 

efficient, although consistent with effects seen in settings in Asia and Africa where HIV was not 

prevalent (8). 

5.2. Vitamins B, C and E 

Several of the B vitamins as well as vitamins C and E have been associated with reduced risk 

of HIV progression in observational studies (61,62,79–81). If the associations reflect causal 

relationships, this is most likely due to their strong antioxidant properties, although effects on the 

immune system, in particular of vitamin E, may also play a role. Because antioxidants interact, 

studying the effect of some or all of these micronutrients given together is rational. A small RCT 

found a large, albeit not significant, reduction in viral load after large doses of vitamin C and E (117). 

A large RCT in Tanzania showed that a daily prenatal multivitamin supplement containing 3–10 times 

the recommended dietary allowance doses of six B vitamins and vitamins C and E reduced the risk of 

adverse pregnancy outcome (90), postnatal mother-to-child transmission and child mortality (i.e., in 

subgroups) (93), child morbidity and progression to AIDS or death among adults (101).  

5.3. Iron 

Iron deserves special mention because both the effect of HIV infection on status and the effect 

of status and intake on HIV infection seem to be different from those of other micronutrients. Iron 

stores decline in early asymptomatic HIV infection probably because of impaired absorption (24) but 

increase with advancing HIV infection as iron accumulates in macrophages and other cells (124). Iron 

may have adverse effects in HIV and other viral infections (125,126). For example, iron increases and 
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iron chelation reduces HIV replication in in vitro studies (127,128). Nonetheless, although data from 

observational studies are in accordance with the hypothesis that iron may have adverse effects, iron 

supplementation twice weekly did not increase viral load (118). Because iron is widely administered 

in much higher doses to patients with anaemia and routinely to pregnant women, its effect on plasma 

viral load and clinical end-points needs to be assessed. Additionally, data suggest that iron may 

increase the susceptibility to and severity from common and opportunistic infections, such as 

tuberculosis (129–131). Studies are needed to clarify the effect of iron status and intake, including 

supplementation, on HIV transmission and progression and risk of tuberculosis and other secondary 

infections. 

5.4. Zinc 

Zinc is a component of both structural and catalytic proteins of HIV. Zinc is required for the 

activity of reverse transcriptase and the production of infectious virus (132) and may inhibit HIV 

replication through binding to the catalytic site of HIV protease (133). The association between zinc 

intake and increased progression to AIDS and death, found in one cohort study in U.S. patients with a 

high intake of highly bioavailable zinc (79,80) but not in another (81), may have delayed assessment 

of the effect of zinc supplementation in populations at risk of zinc deficiency.  

Given the considerable importance of zinc for immune functions (4) and in the prevention of 

diarrhoea and respiratory tract infections (134), it is likely to play a role in HIV infection (135,136). A 

RCTs in adults with pulmonary TB co-infected with HIV found no significant effect of 45 mg of zinc 

daily during TB treatment on viral load. In fact, zinc in combination with other micronutrients 

considerably increased weight gain and seemed to increase survival during treatment (107). 

5.5. Selenium 

Studies in laboratory animals showed that the passage of a benign virus through a selenium-

deficient host changed the viral genome and converted it to virulence (137). The effect was 

considered to be due to oxidative stress because vitamin E deficiency and iron overload had the same 

effects (138). Because HIV and other viruses encode for selenoproteins, host selenium status has been 

postulated to be involved in regulation of viral replication (139,140). However, despite the finding 

from several observational studies that low serum selenium is strongly associated with HIV 
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progression (63–66), there are no reports of the effect of selenium supplementation on viral load or 

clinical HIV endpoints although reduced hospitalization rate was reported (109). 

6. Research gaps 

The main research priorities are the following: 

• Establish micronutrient requirements among people with HIV infection.  

• Develop micronutrient interventions to reduce transmission and progression of HIV  

• Establish how micronutrients with potential adverse effects on HIV infection can be safely 

given.  

 A more comprehensive list of research priorities is given in Table 6. 
 
7. Summary 

Data confirm that micronutrients play an important role in HIV infection. Like other 

infections, HIV infection seems to impair micronutrient status, and micronutrient status and intake 

may affect HIV transmission, progression and morbidity. However, data also confirm that although 

some micronutrient supplements may be beneficial, others may have adverse effects, and the same 

micronutrient supplement may even be beneficial in some settings and have adverse effects in others.  

Although conclusive evidence is lacking, some data suggest that increased iron intake may be 

detrimental in HIV infection, selenium may be beneficial, and zinc could prove beneficial, although 

adverse effects cannot be precluded.  

As for effects on transmission of HIV, evidence from one RCT showed that supplementation 

with preformed vitamin A and β-carotene increased mother-to-child HIV transmission, but two other 

vitamin A trials found no evidence of adverse effects. Less strong evidence, based on subgroup effects 

from RCTs, showed that supplementation of pregnant women with high doses of vitamins B, C and E 

may reduce postnatal mother-to-child HIV transmission.  

With respect to effects on progression of HIV, evidence from RCTs shows that regular 

megadose vitamin A supplementation may reduce diarrhoeal morbidity and mortality and all-cause 

mortality in children younger than 5 years of age. Furthermore, daily supplementation with a broad 
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multimicronutrient or a high-dose multivitamin supplement have been shown to reduce progression 

and mortality among adults. 

The effect of a given micronutrient intervention will depend on the background dietary status 

and intake in the study population. It is important to determine appropriate markers of micronutrient 

status in an RCT so that the effect of the intervention can be assessed at different levels of baseline 

status. In addition, the status and intake of other nutrients may modify the effect of the micronutrient 

intervention. Therefore, different effects of the same intervention, even effects in different directions, 

are conceivable. Factorial designs can be used to address the issue of effect modification or 

interactions between micronutrients. Such effect modification cannot always be identified within a 

study but may occur between studies. Therefore, recommendations should preferably be based on 

more than one trial.  

A major concern is the apparently adverse effect of vitamin A supplementation on mother-to-

child HIV transmission. Because vitamin A is an essential nutrient and vitamin A deficiency is 

widespread in populations afflicted by HIV, there is an urgent need to find out whether the adverse 

effect is due to the form or dose of vitamin A given or the presence of a factor that adversely modifies 

its effect. If this can be clarified, then the global commitment to combat vitamin A deficiency may be 

continued without the risk of increasing mother-to-child HIV transmission.  

The findings from the same trial, that a daily high-dose multivitamin supplement may not 

only reduce adverse pregnancy outcome and mother-to-child transmission but also considerably 

reduce progression of HIV, are promising.  

Nevertheless, the generalizability of the findings remains to be determined. Although it may 

be reasonable to expect a similar effect among pregnant HIV-positive women elsewhere in Tanzania, 

it is not clear whether the findings can be generalized to pregnant HIV-positive women in other 

countries, women who are not pregnant, men and children, tuberculosis patients coinfected with HIV, 

those on ARV therapy, etc. The main concern is that it is an unbalanced, high-dose supplement. As a 

pre- or perinatal supplement, lower doses of the vitamins and inclusion of zinc and other essential 

minerals would have been preferable if the same or greater effects could have been achieved. That 
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would make it possible to safely give it to all women attending antenatal care, even in settings without 

access to HIV testing.  

Although not seen in the present study, adverse effects of the high-dose multivitamin 

supplement may occur when it is given to individuals with lower requirement, higher dietary intake or 

other background characteristics. Conversely, the high-dose multivitamin supplement is most likely 

inadequate when used in populations with low intake of zinc and other minerals.  

It would be useful if studies using clinical end-points could assess the effect on viral load in 

plasma, cervicovaginal secretions and breast milk and the relationship between viral load and the 

clinical outcomes. If it can be shown that these variables are valid as proxies for clinical outcomes, 

then they could be used as such in studies on the effect of different micronutrient supplements. This 

will allow identification of the optimal composition and doses. Testing the effect of each single 

micronutrient may not be realistic. However, micronutrients with potential adverse effects may need 

to be addressed separately, preferably using factorial designs. For example, a factorial trial on the 

effects of preformed vitamin A, β-carotene and iron on viral load may allow identification of the 

micronutrient or the potential micronutrient–micronutrient interaction responsible for the adverse 

effect on mother-to-child transmission.  
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Table 1. HIV outcomes with clinical and proxy end-points. 

  Clinical end-points Proxy end-points 

 Susceptibility  Seroconversion - 

 Transmission Seroconversion Viral load in 

       Sexual       Partner        Plasma 

           Female-male            Male           Cervicovaginal 

           Male-female/male           Female/male           Semen 

       Mother-child       Offspring       Plasma 

           In utero/intrapartum           < ? days           Cervicovaginal 

           Postnatal           > ? days           Milk 

 Progression   

       Opportunistic infections       Disease incidence  

       AIDS       Clinical definition Viral load / CD4+ count 

       Survival       Death  
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Table 2. Non-HIV outcomes in children and adults, and during pregnancy and lactation 

 Children Adults Pregnant or lactating women 

 Growth  Weight maintenance Pregnancy outcome 

 Development Working capacity       Foetal loss 

 Physical activity Morbidity and mortality       Preterm delivery 

 Morbidity and mortality Quality of life       Intrauterine growth retardation 

 Quality of life  Growth and development of offspring 

   Morbidity and mortality of offspring 
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Table 3. Mother-to-child HIV transmission: design, interventions and co-interventions of randomized maternal micronutrient supplementation trials. 

Country Recruitment N Study intervention (placebo controlled)  Co-interventions (to all) 
   Micronutrient Daily Postpartum 1  Iron/folate (mother) Vitamin A  

South 
Africa 2 

28-32 wk 728 Vitamin A 5.000 IU + 30 mg β-carotene  200.000 IU   60/5 mg/day  

Malawi 3 18-28 wk 697 Vitamin A 10.000 IU -  30/0.4 mg/day 100.000 IU at 6 weeks 
(mother) 

Tanzania 4 14-27 wk 1075 Vitamin A 

Multivitamins 
5.000 IU + 30 mg β-carotene 

Vitamins B, C and E 

200.000 IU 

continued 

 120/5 mg/day 100.000 IU at 6, 12, 18 
months (infant) 

1 Vitamin A was given once postpartum but multivitamins were given for several years. 
2 Coutsoudis et al. (88). Study intervention and iron/folate given from recruitment until delivery. 
3 Kumwenda et al. (89). Study intervention and iron/folate given from recruitment until delivery.  
4 Fawzi et al. (91); Fawzi et al. (93). Two-by-two factorial design, i.e. two placebo-controlled interventions. Study intervention and iron/folate given from 

recruitment and throughout and several years after lactation. Multivitamins included 20 mg thiamin, 20 mg riboflavin, 25 mg vitamin B6, 50 µg vitamin B12, 

100 mg niacin, 0.8 mg folate, 500 mg vitamin C, and 30 mg vitamin E. 
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Table 4. Mother-to-child HIV transmission: estimates of the effect of maternal vitamin A supplementation from randomized, controlled trials. 1 

Country   Effect estimates 2 

   Birth 6 weeks–3 months 12 months 24 months 

South Africa 3   - 0.91 (20.3/22.3)  - 

Malawi 4   - 0.96 (26.6/27.8) 0.85 (27.3/32.0) 0.84 (27.7/32.8) 

Tanzania 5   1.49  (10.0 /6.7) 1.22 (22.2 /18.2)  1.38 (34.2/25.4) * 

1 Testing the null-hypothesis, that the transmission rates in vitamin A and placebo groups are similar. * P < 0.05. 

2 Effect estimates given as relative risks (transmission rate [%] in vitamin A / placebo group). 

3 Coutsoudis et al. (88). 

4 Kumwenda et al. (89). 

5 Fawzi et al. (91); Fawzi et al. (93).  
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Table 5. HIV viral load: randomized, controlled micronutrient supplementation trials. 

Country Participants N Micronutrient Regimen Effects Reference 

     Plasma Cervico
-vaginal 

Milk  

South Africa Pregnant women 24 Vitamin A 200 000 IU once postpartum; 1 week None - - Coutsoudis et al. (113)

Zimbabwe Lactating women 40 Vitamin A 300 000 IU once postpartum; 8 weeks None - - Humphrey et al. (114) 

Kenya Nonpregnant women 400 Vitamin A 10 000 IU daily for 6 weeks None None - Baeten et al. (115) 

USA Intravenous drug users 120 Vitamin A 200 000 IU once; 4 weeks None - - Semba et al. (116) 

Canada Adults 49 Vitamins C + E 500 mg C + 800 mg E daily, 3 months Decline - - Allard et al. (117) 

Kenya Adults 32 Iron 60 mg twice weekly, 4 months None - - Olsen et al. (118) 

Tanzania Pregnant women 393 Vitamin A 

Vitamins B, C, E 

5000 IU preformed + 30 mg β-carotene 

8 vitamins in high doses, 15 weeks 

- 

- 

Increase

None 

- 

- 

Fawzi et al. (92) 

Thailand Adults 112 Multi-
micronutrients 

18 micronutrients in high doses, 48 weeks None - - Jiamton et al. (100) 

Jiamton et al. (120) 

Kenya Nonpregnant women 400 Selenium and 

Vitamins B, C, E 

0.2 mg selenium +  

8 vitamins in high doses, 6 weeks  

- Increase - McClelland et al. 
(119) 

Tanzania TB/HIV patients 213 Zinc 

Multi-
micronutrients 

45 mg during first 2 months treatment  

vitamins and minerals in high doses, 
during first 2 months treatment 

None 

None 

- 

- 

- 

- 

Friis et al. (107) 
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Table 6. Research priorities 

Micronutrient requirements 

• Establish the required intake of individual micronutrients to maintain normal status in people 
living with HIV at different stages, with and without antiretroviral treatment. 

Sexual HIV transmission 

• Establish the optimal dietary and supplemental intake of vitamins and minerals to reduce 
infectiousness among HIV-positive people. 

• Establish the optimal dietary and supplemental intake of vitamins and minerals to reduce 
susceptibility to HIV infection among HIV-negative people. 

Mother-to-child HIV transmission 
• Establish the optimal composition and doses of vitamins and minerals in pre/perinatal 

supplements and duration of supplementation to reduce risk of mother-to-child transmission. 
• Clarify whether lower doses of vitamins B, C and E are effective and safe. 
• Clarify what form and doses of vitamin A can be safely given to pregnant HIV-positive women 
• Identify potential effect modifiers responsible for apparently different effects of vitamin A. 
• Establish the generalizability of the findings regarding effects of perinatal supplements. 
•  
HIV progression 
• Establish the optimal dietary and supplemental intake of vitamins and minerals to reduce 

progression of HIV to AIDS and mortality. 
• Clarify whether lower doses of vitamins B, C and E are effective and safe. 
• Establish the optimal dietary and supplemental intake of vitamins and minerals to reduce risk of 

opportunistic and other infections. 
• Establish the optimal dietary and supplemental intake of vitamins and minerals to improve 

pharmacokinetics and drug efficiency and reduce risk of metabolic and other adverse effects.  

Non-HIV outcomes 

• In HIV-positive children, establish the optimal dietary and supplemental intake of vitamins and 
minerals to optimize growth, development and physical activity. 

• In HIV-positive pregnant and lactating women, establish the optimal dietary and supplemental 
intake of vitamins and minerals to reduce risk of adverse pregnancy outcome improve growth and 
development of the offspring. 

• In nonpregnant HIV-positive adults, establish the optimal dietary and supplemental intake of 
vitamins and minerals to maintain body weight and lean body mass, physical activity and working 
capacity.  

Potentially adverse effects and interactions 

• Establish the effects and safety of iron supplementation on HIV load and progression. 

• Establish whether the beneficial or adverse effects of specific micronutrients depend on the intake 
and status of other micronutrients. 
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Figure 1.  The two-way relationship between micronutrient deficiencies and infections. NAIDS, nutritionally acquired immune deficiency syndrome. 
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Figure 2. The natural history of HIV infection and time course of viral load and CD4+ counts. 
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Figure 3. Possible role of micronutrient deficiencies in HIV progression. NAIDS, nutritionally acquired immune deficiency syndro 
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