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Foreword

Ron:
I thought AZT’s supposed to help me.

Dr. Vass:
The only people AZT helps are the people who sell it. (beat) It kills every cell it comes in contact with,
good and bad.

Ron:
So medically speakin’, I kicked my own ass!

Dr. Vass:
(nods as he writes)
I'm prescribing a regimen of vitamins as well as the mineral zinc to build your immune system back up.
You’ll also be taking Aloe and essential fatty acids.
Dallas Buyers Club script

The above excerpt from the script for the 2013 American film Dallas Buyers Club is from a scene
that touched me in both personal and professional ways. This encounter between Ron (Matthew
McConaughey) and Dr. Vass (Griffin Dunne) represents a historical turning point in the role of
nutrition in the management of the HIV epidemic. I have long reflected on the particular period
reflected in the movie. There has been an unprecedented search to understand the impact that nutri-
tion has on the health and wellbeing of individuals living with HIV/AIDS. The almost messianic
merits of “alternative” approaches to HIV and AIDS prevention and treatment played an important
role during one of the worst moments of the epidemic. We finally reached the point of acknowledg-
ing that fighting against HIV also entails dealing with lifestyle modifications. The various defini-
tions of healthy lifestyles are vague, but equally uncertain are the nutritional recommendations
regarding HIV and AIDS. Numerous research efforts have produced myriad results that appear to
conflict with each other. The concept of evidence-based medicine gained visibility at about this
same time. Given the existing scientific evidence and experience to date, it would be irresponsible
to ignore the importance of nutrition in patient-centered care for those living with HIV.

I lived similar scenes of despair when I lost friends and family members to this disease. During
my research at the Latin American Center for Sexually Transmitted Diseases in Puerto Rico, many
patients poured through the clinic doors reporting allegedly efficacious nutrition interventions. Like
Ron, the main character in Dallas Buyers Club, patients in many hospitals were looking for hope
in the midst of a terrible health and stigmatizing drama. Because I was witnessing all too often
the accelerated deterioration of HIV-affected individuals’ health and wellbeing, I felt compelled to
dig deeper into nutrition as a determinant of health in this group. What seemed to be an obvious
research gap at the time still remains a mix of conflicting certainties and ongoing controversies.

Today, we are able to use many tools to reshape what was once an unavoidable death sentence.
We have transformed the challenges of the infection by creating an orchestrated effort to manage
what we can gladly consider a chronic condition. Nutrition plays a clear and relevant role in promot-
ing health and preventing and treating this infection and its co-morbidities. We have the evidence
necessary to help countries achieve the sustainable development goals by 2030. The retrieval, syn-
thesis, and assessment of evidence on the effects of various aspects of nutrition presented in this
book are certainly a welcome contribution to these ongoing efforts.

Juan Pablo Peiia-Rosas, MD, PhD, MPH
Coordinator, Evidence and Programme Guidance
Nutrition for Health and Development

World Health Organization
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Preface

In 1981, the Centers for Disease Control and Prevention published case studies on an immune dys-
function that was later recognized as the Acquired Immune Deficiency Syndrome (AIDS), and the
causal linkage to infection with the human immunodeficiency virus (HIV) was established a few
years hence. The world continues to lose more than a million lives every year to this epidemic, and
nearly two million were infected with HIV in the last year alone. Though a vaccine or cure is still
elusive, considerable progress in terms of a decline in mortality due to AIDS has been achieved
through the increasing availability and coverage of antiretroviral treatment (ART).

The new Sustainable Development Goals, adopted by countries of the United Nations in 2015,
include a commitment to end the AIDS epidemic by 2030. Considerable emphasis on prevention of
new infections and treatment of those living with HI'V will be needed to make this goal achievable.
With nearly 37 million people now living with HIV, it is a communicable disease that behaves like
a noncommunicable disease (NCD). For example, HIV infection is associated with increased risk
for type 2 diabetes mellitus, independent of other risk factors such as age, sex, ethnic origin, sexual
orientation, family history of NCDs, smoking, illicit drug use, or heavy alcohol use. People living
with HIV (PLHIV) may now spend decades of their lives infected and have an increased burden of
other complications, including dyslipidemias and cardiometabolic outcomes.

We believe that a comprehensive approach that includes nutritional interventions is likely to
maximize the benefit of antiretroviral therapy in preventing HIV disease progression and other
adverse outcomes in HIV-infected men and women. Nutrition is a modifiable risk factor that has
been acknowledged to be one of the most cost-effective approaches for intervention in a number
of health outcomes by forums such as the Copenhagen Consensus; for example, recent analyses in
JAMA have suggested that nutrition-related issues constitute 50% or more of the risk factors for
mortality both in the United States and globally.

This book highlights the evidence base for linking nutrition and HIV and identifies research gaps
to inform the development of guidelines and policies that focus on people living with HIV. We are
grateful to CRC Press for focusing this volume on such an important topic, as well as to the con-
tributors for making this work possible. We also acknowledge Dr. Juan Pablo Pefia-Rosas for kindly
writing the foreword for this book. Additionally, we wish to thank Patricia Mason for her attention
to detail and tireless work in helping us copyedit the chapters.
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INTRODUCTION

Great strides have been made to reduce the number of human immunodeficiency virus (HIV) infec-
tions and HIV/acquired immunodeficiency syndrome (AIDS)-related deaths, but the war against
HIV is far from over. From 1981 to the present, human immunodeficiency virus, the etiological
agent of AIDS, has unwaveringly killed an estimated 39 million individuals (Mehta and Fawzi,
2007; WHO 2014c; UNAIDS, 2013). Antiretroviral therapy (ART) has become more affordable
and accessible in recent years, allowing those infected with HIV to obtain this life-saving treatment.
Nevertheless, patients still suffer immune dysfunction and are at high risk for opportunistic infec-
tions. Nutrition in the form of vitamin supplementation has been shown to improve host immune
response and post-treatment status. Additionally, vitamin supplementation enhances the quality
of life for those battling HIV-associated morbidities, both physically in terms of improved body
mass index (BMI) and immune markers and psychologically by improving symptoms of depres-
sion. Nutritional status and micronutrients, particularly vitamin A, as well as B-complex, C, D,
and E vitamins, modulate the pathogenesis of HIV infection and AIDS progression in infected
adults, pregnant or postpartum women, and children. Including vitamin A as an adjuvant in HIV
vaccines for HIV transgenic rat models (Yu and Vajdy, 2011) has also shown promising results.
What is yet to be determined is the particular combination of supplement composition and dosage
for each target population that will yield the greatest prevention and treatment benefits; evidence
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from observational studies and randomized controlled trials is contradictory. This chapter presents
an overview of recent studies that have focused on nutrition, with an emphasis on vitamin A, in
individuals with HIV/AIDS.

METHODS

In 2015, we searched the PubMed database for English-language articles published between the years
2006 and 2015 by using the following terms: HIV, beta-carotene, vitamin A, HIV-1, HIV infection,
retinoid acid, and retinol. Studies were selected by one author (S.L.H.) according to eligibility crite-
ria: experimental, cross-sectional, or intervention studies with exposure of vitamin A or B-carotene
status or supplementation and treatment in both humans and animals, and outcome of HIV pathogen-
esis. Studies conducted before the year 2006 were excluded, as these studies had been discussed in
detail in a previous review (Mehta and Fawzi, 2007). Other reviews, commentaries, and non-primary
research articles were also excluded. For each article, we abstracted the study location, study design,
methods, sample size, exposure, outcome, and main findings, including effect estimates. From the
275 studies found, 28 studies were selected for inclusion in this review (Figure 1.1).

275 studies from
search strategy

70 reviews
excluded

87 duplicate
studies excluded

59 studies
assessed
32 studies excluded
based on
exclusion criteria:
1. Exposure no vitamin A
2. Outcome not HIV disease
pathogenesis/associated
morbidities
30 studies
included
23 human 7 animal
studies studies

FIGURE 1.1 Study selection. Search terms: “vitamin A AND HIV infection”; “B-carotene HIV”; “B-carotene
vitamin A HIV AIDS”; “HIV AND vitamin A”; “prospective cohort study vitamin A HIV”; “mouse study
vitamin A HIV”; “animal vitamin A HIV”; “model HIV vitamin A”; “HIV-1 AND vitamin A.”
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BIOLOGICAL RATIONALE

Nutrients, especially vitamins, have a profound impact on immunity and HIV infection progression
and can help support host recovery from side effects of ART. The most studied of the vitamins, vitamin
A, impacts HIV disease outcomes and transmission, but supplementation can also be detrimental in
certain populations. Vitamin A is a family of retinoid compounds with all-frans-retinol biologic activ-
ity (Villamor et al., 2005). In the body, vitamin A is important for the maintenance of the integrity of
the epithelium in the respiratory and gastrointestinal tracts, as well as in the prevention of night blind-
ness. Night blindness is the world’s foremost cause of preventable blindness in children (Villamor and
Fawzi, 2005; Katona and Katona-Apte, 2008). Vitamin A has received much attention and focus in the
arena of infectious diseases, particularly after Scrimshaw observed that “no nutritional deficiency is
more consistently synergistic with infectious disease than that of vitamin A” (Scrimshaw et al., 1968,
p- 94). Increased prevalence of measles, diarrheal infections, blindness, and anemia has been linked
to low vitamin A status (Semba, 1994; Villamor and Fawzi, 2005; Katona and Katona-Apte, 2008).

Immunologically, vitamin A has been shown to increase natural killer cell function in vitro
and to stimulate phagocytosis (Kaio et al., 2013). B-Carotene, a precursor of vitamin A, has been
shown to maintain the immune response and can also act as an antioxidant (Baeten et al., 2007).
The retinoic acid receptor (RAR) supports robust antibody responses by promoting T-helper type
2 cells (Th,) and Thy,, as well as regulatory T-cell (T,,,) development and responses (Mora et al.,
2008; Reilly et al., 2012). The Th, cytokines interleukin-4 (IL-4), IL-5, and IL-10 are associated
with strong antibody production, eosinophil activation, and inhibition of several macrophage func-
tions (a phagocyte-independent protective response) (Mora et al., 2008; Reilly et al., 2012). Retinoic
acid can also inhibit B-cell apoptosis and modulate antigen presentation on dendritic cells (Mora et
al., 2008). Deficiency has been associated with abnormalities in T-cell subsets such as the selective
loss of CD4+* helper T cells from lymph nodes, thymus, and spleen (Srinivas and Dias, 2008) and
associated decreases in the Th, antibodies IgE, IgGl, and IgA (Long et al., 2010). In a mouse model,
vitamin A deficiency resulted in a reduction of Th, cells; vitamin A supplementation reversed the
defect (Mora et al., 2008; Motswagole et al., 2013).

The relationship between nutritional status and infection, particularly HIV, is locked in a vicious
cycle (Scrimshaw et al., 1968): HIV/AIDS lowers appetite and impairs the absorption, utiliza-
tion, and excretion of nutrients; in turn, lowered nutritional status increases infection susceptibil-
ity (WHO, 2003; Evans et al., 2013). Co-morbidities—such as increased diarrheal and respiratory
diseases in the case of HIV—result in further malnourishment (Katona and Katona-Apte, 2008).
Vitamin A, in particular, has been shown to modulate immune function and HIV pathogenesis.

There is evidence in the literature demonstrating that HI'V infection impairs nutrient metabolism
(Kassu et al., 2007; Katona and Katona-Apte, 2008; Buccigrossi et al., 2011; Evans et al., 2013). HIV
infection is initiated on the intestinal mucosal surface and induces infiltration of the gut mucosa,
causing the release of T cells, damage to the intestinal wall, and epithelial apoptosis (Epple et al.,
2010). The mechanisms of impaired absorption are not well characterized, but increased permeabil-
ity due to altered intestinal mucosal architecture was seen in human mucosa specimens in vitro in a
recent study (Buccigrossi et al., 2011). HIV-1 transactivator factor, a viral factor referred to as Tat,
induced an enterotoxic effect on intestinal epithelial cells that may explain the diarrhea that often
occurs with HIV infection. Tat also caused oxidative stress followed by apoptosis of enterocytes.
These effects were prevented by the administration of the antioxidant N-acetyl-cysteine. In HIV-
positive patients not taking ART, chronic oxidative stress causes perturbations of the antioxidant
defense system, which may be explained by the role of Tat in HIV enteropathy.

Nutrient utilization and requirements are altered during HIV infection. Increased inflammation
and increased oxidation of retinol, a form of vitamin A, result in increased tissue retinol require-
ments (Neves et al., 2006). However, with severe protein malnutrition and lower levels of retinol-
binding protein (RBP), less retinol is mobilized from hepatic stores (possibly as a result of the
acute phase response). Fever, which often occurs in HIV, also increases energy and micronutrient
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requirements (Katona and Katona-Apte, 2008). Excretion of nutrients is heightened during HIV
infection, resulting in poorer nutritional status. Several studies have shown that HIV infection-asso-
ciated fever diminishes the ability of the proximal tubules of the kidneys to absorb low-molecular-
weight proteins such as RBP, leading to its loss—and thus that of retinol—in a 1:1 retinol:RBP ratio
in the urine, a condition known as febrile proteinuria (Neves et al., 2006; Kassu et al., 2007; Srinivas
and Dias, 2008). This loss further exacerbates nutrient deficiency.

Anorexia, induced by both the HIV infection and ART therapy for it, is a major factor in HIV/
AIDS-related wasting and malnutrition. Lack of appetite is caused by multiple factors—including
nausea and vomiting, difficulty swallowing (dysphagia) or painful swallowing (odynophagia), as
well as esophageal candidiasis, a common opportunistic fungal infection affecting HIV patients
(Neves et al., 2006; Mda et al., 2010; Evans et al., 2013). Additionally, mental status can impact
dietary intake, as observed among HIV-infected adults with depression (Purnomo et al., 2012).
One trial found that micronutrient supplementation improves appetite, indicating that vitamin and/
or mineral supplementation may play a role in regulating hunger levels (Mda et al., 2010). In agree-
ment with this finding, another study showed associations between the low ingestion of retinoids
and carotenoid precursors with dietary distortion and anorexia (Neves et al., 2006). As a result,
wasting, protein depletion, micronutrient deficiencies, and reduction in body cell mass are found
in untreated HIV/AIDS patients (Katona and Katona-Apte, 2008). As an adjunct to ART therapy,
nutrition interventions can improve appetite and help replenish some of the extra vitamins that are
lost, improving quality of life and, potentially, adherence to ART.

Dietary vitamin A may be obtained as retinyl palmitate from animal sources or in the form of
pro-vitamin A (including the carotenoids B-carotene, o-carotene, and y-carotene and the xantho-
phyll B-cryptoxanthin) from plant sources, such as dark leafy greens and orange-colored vegetables
(Solomons, 2012). Because animal-sourced foods are less common in resource-poor regions, and
carotenoids are not as effective in boosting vitamin A status (based on an intestinal carotenoid-to-
retinol conversion ratio of 12:1), vitamin A deficiency (defined as less than 0.70 pmol/L or less than
20 pg/dL serum retinol) is a major problem in many areas of the world (WHO, 2009), especially in
HIV-infected persons (Nunnari et al., 2012). In 122 countries, vitamin A deficiency affects 250 mil-
lion children, raising the risk of night blindness and infection of HIV (WHO, 2009, 2014a).

It is well established that vitamin A supplementation improves growth and reduces morbidity in
HIV-infected children (Villamor et al., 2002; Ndeezi et al., 2010; Kaio et al., 2013). Adults also ben-
efit from supplementation of vitamin A, including decreased mortality in advanced AIDS patients
(Austin et al., 2006). However, vitamin A supplementation is not recommended for pregnant women
or lactating mothers, despite findings from observational studies showing that low vitamin A status
increases the risk of mother-to-child transmission (MTCT). Supplementation can also increase the
risk of MTCT (Fawzi et al., 2002). One mechanism to explain this counterintuitive finding is that
vitamin A supplementation appears to cause increased viral shedding in breast milk and higher
prevalence of mastitis, leading to vertical transmission from mother to breastfeeding infant (Baeten
et al., 2002; Kantarci et al., 2007; Villamor et al., 2010). Additionally, the HIV genome contains
retinoic acid receptors, by which vitamin A may stimulate transcription and replication of the virus.
Vitamin A may also increase the expression of CCRS5 receptors on monocytes/macrophages, which
would increase the susceptibility of cells to HIV infection (Webb et al., 2011). The findings from
cross-sectional studies may be explained by the acute phase response, a process that causes the body
to blockade nutrients (such as vitamin A and iron) deep in storage tissue to hypothetically prevent
the utilization of nutrients by pathogens (Zvandasara et al., 2006). Additionally, inflammatory cyto-
kines such as interleukin-2 (IL-2), IL-6, IL-10, and TNF-o stimulate the movement and storage of
iron into macrophages during the acute phase response (WHO and CDC, 2007). The resulting effect
is lowered retinol-binding protein levels, and thus lower serum retinol status, which would explain
why low vitamin A status is found among HIV patients and also found to increase transmission
from mother to child (Mehta and Fawzi, 2007).
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In the following sections, laboratory studies, animal studies, observational studies, randomized
controlled trials, and vitamin A interactions with ART are discussed. The primary exposure is
vitamin A status or an intervention with vitamin A, and the outcomes include various HIV-related
symptoms and co-morbidities.

EVIDENCE FROM STUDIES

LABORATORY/EXPERIMENTAL EVIDENCE

Two in vitro studies explored the effect of all-frans-retinoic acid (ATRA) on HIV pathogenesis
in human cells. Maeda et al. (2007) used ATRA to treat cells from (1) cell line 8E5, which con-
tains one HIV proviral genome per cell, and (2) the fresh peripheral blood of three HIV-infected
patients. ATRA suppressed HIV replication by inhibiting reverse transcriptase in both the cell line
and in human cells. The effect was reported as dose dependent; however, only two concentrations,
10-M ATRA and 107-M ATRA were used. Additionally, ATRA reduced the measured HIV pro-
viral load in 8ES5 cells and in the cells from patients, similar to the effect of azidothymidine (AZT)
treatment (using 64-uM AZT). In another study, Jiang et al. (2012) determined the effect of ATRA
treatment on ATP-binding cassette transporter Al (ABCALI) expression in CD4* T cells. ABCALI
allows cholesterol to efflux from macrophages and neuronal and intestinal cells and appears to
be regulated by ATRA. When cholesterol effluxes out of cells due to enhanced ABCA1 expres-
sion, HIV cannot enter cells. In activated, antibody-primed CD4+ T cells, ATRA unregulated
ABCA1 expression at the transcription level in a time- and dose-dependent manner. The increase
in ABCAI resulted in higher cholesterol efflux from cells and yielded a 40% higher response to
ATRA than the control, dimethyl sulfoxide (DMSO) (p < 0.05). With the decrease in intracellular
cholesterol, a 30% reduction in HIV entry into cells was observed in comparison to control. These
results show the robust effect of ATRA in vitro and support the role of vitamin A in improving
HIV progression.

In vitro and in vivo studies (e.g., He et al., 2007; Lu et al., 2008) have explored the effect of
ATRA supplementation in relation to HIV disease outcomes, such as kidney disease. He et al.
(2007) used in vitro models and confirmed the results with in vivo models, ultimately finding
that ATRA inhibits the proliferation and restores differentiation markers in HI'V-1-infected renal
podocytes, which are cells found in Bowman’s capsule in the kidneys that aid in filtration (He et
al., 2007). The putative mechanism is that ATRA halts the cell cycle at the G,—S transition, induc-
ing intracellular cAMP production. Additionally, He et al. (2007) discovered that podocytes have
many major retinoic acid receptors (RARs), two of which HIV suppresses, offering insight into
why nephropathy is often associated with HIV-1 infection. RAR-a is generally suppressed during
HIV-1 infection; however, in this study, it was found that RAR-« still plays a role in the effect of
ATRA on the podocyte genotype.

Confirming these in vitro results, ATRA administration also reduced proteinuria, cell differ-
entiation, and glomerosclerosis in Tg26 transgenic mice in comparison with non-treated mice. Lu
et al. (2008) continued exploring the HIV-1 nef gene and the role of the Nef protein in podocyte
dedifferentiation through the Src-dependent mitogen-activated protein kinase 1 and 2 (MAPK1/2)
pathways. ATRA stimulates mitogen-activated protein kinase phosphatase-1 (MKP1) expression,
a protein that has anti-inflammatory and anti-apoptotic effects. MKP1 may be depressed in renal
disease. Lu et al. (2008) found that ATRA activates MKP1 in HIV-infected podocytes, which sup-
presses Nef-induced activation of the Src-MAPK1/2 pathways (expressed during HIV infection),
ultimately returning podocytes to a more differentiated state. These findings (summarized in Table
1.1) offer potential new avenues for treating HIV-associated nephropathy, the most common cause
of renal failure in HIV-1 patients.
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ANIMAL STUDIES

Many animal studies, using mice and rats, have been conducted to better understand the effects
of nutrition on HIV-related outcomes. These studies can be divided into two categories: the effect
on HIV-related outcomes by either undergoing a vitamin A-deficient diet or administering dietary
vitamin A.

Several studies have manipulated the diets of HIV transgenic rats in comparison to wild-type
rats to demonstrate how dietary depletion of vitamin A might affect the course of HIV disease.
Many studies have utilized the Tg transgenic rat model and pathogen-free, age-matched control rats
(Royal et al., 2007; Sultana et al., 2010; Guo et al., 2012). This model, which uses a non-pathogenic
viral genome that mimics the symptoms of HIV, is particularly useful for research on opioid users,
given that one out of 125 acquire HIV through intravenous drug use (Degenhardt et al., 2010). Royal
et al. (2007) determined the effects of vitamin A deficiency on the p-opioid receptor (MOR), T-cell
pro-inflammatory cytokines, and HIV gene expression. Activation of the MOR may mediate the
clinical effects of vitamin A deficiency in opioid users infected with HI'V. Female Tg and wild-type
rats were fed a normal maintenance diet, mated, and then continued on the diet for two weeks of
gestation. The female rats were then fed a diet either deficient or replete in vitamin A, and their pups
were fed the same diets as their mothers. T cells were stimulated with phytohemagglutinin (PHA), a
plant protein that can be used as a mitogen to trigger T-cell division and activate HI'V-1 in lympho-
cytes. Stimulation resulted in increased interferon-gamma (IFN-vy) expression, with larger increases
among the wild-type, vitamin A-deficient (WtVA-), Tg vitamin A-replete (TgVA+), and Tg vitamin
A-deficient (TgVA-) mice. The pro-inflammatory cytokine TNF-o increased in the aforementioned
groups and was reduced in the WtVA+ mice. TgVA— had the lowest expression of MOR at baseline
and, after PHA stimulation, had the highest expression of the MOR from CD4+ and CD8* T cells in
comparison to both the other PHA-stimulated samples and non-stimulated samples. The expression
of HIV genes env, tat, nef, and vif in whole blood varied among the groups of mice and diets. When
stimulated with PHA, the Tg rats showed increased expression of env, fat, and nef mRNA, with
TegVA- tat and vif expression similar to rats on the vitamin A-replete diet; however, the TgVa— rats
had higher env and nef expression than what was observed in the TgVA+ rat. Although generaliz-
able only to rats with this transgene, these studies showed that vitamin A deficiency alters T-cell
phenotypes and immune responses in the presence of HIV-like infection and may offer clues to the
mechanisms by which vitamin A deficiency affects HIV pathogenesis in humans.

Further experiments performed on this rat model include studies on parvalbumin+ neurons to
investigate the increased frequency of cognitive impairment found in HIV-infected opioid users.
Parvalbumin is a calcium-binding protein, and neurons that express parvalbumin modulate electri-
cal activity involved in cognitive function. Sultana et al. (2010) used similar methodology in raising
rats as described above, feeding them diets either replete or deficient in vitamin A with the addition
of morphine or a placebo. In contrast to the placebo-treated, wild-type rats and morphine-treated
TgVA- rats, fewer parvalbumin+ cells were found in the morphine-treated WtVA+ rats, placebo-
treated WtVA— rats, and placebo-treated TgVA+ rats. The tat gene, which may induce toxicity,
showed increased expression in vitamin A-deficient rats treated with morphine. These experiments
suggest that vitamin A deficiency, exposure to opioids such as morphine, and HIV infection alone
or in concert may alter neuronal metabolic activity and manifest in changed levels of parvalbumin
expression in this rat model.

A study by Guo et al. (2012) that focused on similar outcomes also used the aforementioned Tg
rat model with or without vitamin A-deficient diet and morphine to determine the effect on gamma-
aminobutyric acid (GABA)-expression interneurons in the hippocampus of Tg rats. GABAergic
interneurons express parvalbumin and mediate hippocampus activity, which regulates memory.
Similar to the study of Sultana et al. (2010), parvalbumin levels were assessed. Overall, TgVA- rats,
with or without morphine administration, had higher parvalbumin expression than placebo-treated
WtVA- rats. TgVA- rats treated with morphine had higher expression than wild-type rats and
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placebo-treated TgVA— rats. From these studies, it appears that vitamin A deficiency and morphine
can increase parvalbumin expression and affect cognition in this HIV infection rat model; further
study in humans is warranted.

Using vitamin A as a vaccine adjuvant, Yu and Vajdy (2011) created a nutritive immune-enhanc-
ing delivery system (NIDS) vaccine that also included an emulsion of polyphenol-flavonoid, cat-
echin hydrate, and mustard oil. Inoculation with HIV gp120 protein with the NIDS, or with placebo
(phosphate-buffered saline solution) was tested on mice. Two mucosal and two systemic vaccina-
tions in three- to six-month-old female BALB/c mice yielded both local and systemic increases
in antibodies, as well as cytokine responses, in mice receiving the NIDS. Serum anti-gp120 IgGl
responses were enhanced 198-fold more in mice receiving the NIDS (p < 0.002). Vaginal 1gG1
and IgA titers also increased significantly—255-fold (p < 0.025) and 8-fold (p < 0.039), respec-
tively—with the NIDS preparation in comparison to gp120 alone. Also, NIDS appeared to augment
local and systemic antibody responses against gpl120 and was effective (i.e., induced high antibody
response) against homologous and heterologous strains of HIV1, including BaL, CM, SF162, I1IB,
and CN54 subtype C. Finally, NIDS appeared to increase T-cell responses in terms of cytokine
production, specifically IFN-y, IL-5, and IL-10. Overall, the results showed that the nutritive-based
adjuvant was remarkably effective in enhancing immune responses.

A study by Watson et al. (2010) also used BALB/c mice to determine whether ATRA could
promote antibody responses when co-delivered with a model antigen in the same formulation. A
peptide derived from the membrane proximal region (MPR) of HIV-1 gp41 was selected: N-MPR.
The MPR is a key target for development of a vaccine that elicits neutralizing antibodies (Montero
et al., 2008). Mice were immunized with liposomes containing lipid-anchored N-MPR and either
ATRA or monophosphoryl lipid A (MPL), a TLR4 agonist and potent liposomal vaccine adjuvant.
In this study, ATRA alone did not stimulate the production of antibodies when co-delivered with
MPR; however, if ATRA was delivered with MPL, IgG antibody titers to MPR were enhanced four-
fold in comparison to 13-cis-RA and MPL. The interaction between ATRA and MPL remains to be
explored further; the results of this and the study by Yu and Vajdy (2011) point toward ATRA as an
effective vaccine adjuvant. Table 1.1 summarizes the studies discussed in this section.

OBSERVATIONAL STUDIES

It is well established from cross-sectional analyses that HIV-infected patients have suboptimal vita-
min A concentrations in comparison to healthy populations (Kassu et al., 2007; Papathakis et al.,
2007; Fufa et al., 2009; Mehta et al., 2011; Mulu et al., 2011; Obuseh et al., 2011; Loignon et al.,
2012; Machado et al., 2013; Monteiro et al., 2014). Increasingly, observational studies focus on vita-
min A status as a predictor of a range of outcomes, including HIV-related morbidity measurements,
gynecological infections among HIV-infected women, metabolic syndrome symptoms among HIV-
infected adults receiving ART, and mortality among HIV-infected children. Additionally, research
in susceptibility to HIV at the genetic level has pinpointed polymorphisms that increase the risk of
HIV infection, and one such study (Kuhn et al., 2006) that takes nutritional status into account is
described in this section. Table 1.2 provides a summary of these studies.

In Addis Ababa, Ethiopia, 153 HIV-positive adults were enrolled into a cross-sectional study
to determine correlations between micronutrients and HIV status (Fufa et al., 2009). The authors
found a high prevalence of low vitamin A and zinc status in the initial stages of HIV (as measured
by CD4+ T-cell count) and increased wasting and malnutrition as the disease progresses. Although
this study found no significant association between vitamin A and CD4* T-cell count (r = 0.032, p >
0.722), it was the first to characterize micronutrient and HIV status among HIV-infected adults liv-
ing in Addis Ababa. Another study in Tanzania found no association between low serum retinol and
the risk of seroconversion; more details are available in a previous review (Villamor et al., 2006;
Mehta and Fawzi, 2007).



Epidemiological Evidence to Public Health

Nutrition and HIV

10

"PRIBATIOR/PASTIEI/PI)NSAI ‘¢ {PISLAIOUL | PIINPAI/PASLIIIP 7 :$dNOIS UOUIE SAOUIIJJIP OU/IIYJD OU > [[30

POOIQq PaI ‘D ‘UOISSIWSULT) PIYI-0}-Idyow ‘LI LIA g Uno9[ Surpuiq asouuew ‘g TN ‘ApmS juowadedoy unsaforj/uagonsy pue edq ‘SYHH ‘urjoid aAnoear-) QYD - 2J0N

1 LOLIN «—juetea-gTgIN (2)

LOLIN < ueLea-z TN (1)

“

“

1 Lienow «— apnaenb v urwelia 1saySTy

SISOUISEA [BLIDIOR( JO | YSLI ¢~ QUAJOILD-(] ‘y UIENIA |
SISEIUOWOYILI) JO 4| SPPO ¢— AUIOILD-0 |

“

“

s)nsay

LOLIN UeLRA-T TN
wSremyarg
Aprqioy

KyperoN

SUOTIPUOD [BIIF0[0IUAD)
UOTSIOAUOI0IAS JO STy
UONEIUAIUOD JYD
unod .y

SaWO02)NQ urep

S9JBUOSU _SISYIOUI
+AIH ‘eanodadsonay]

UIpTIYd
10409 2A192dso1d pajsaN

uowom SYHH Woiy
Apmisqns [eUOOIS-SSOID)
S)Npe {[0NU0I-25B))

S)[NPE {[BUOTIOIS-SSOID)

uone|ndog ‘uSisaqg Apms

0qa9®[d (2)
KIQAT[OD 18 9SOp Y UTWR)IA 318]

+9UI0IRD-g] + V UIWENA (1) (9007) ‘T2 1 uyn3y

SUONEIIUAOUOD
ewseld ¢'g utweya + y utweyiA - (0102) ‘Te 310 2l1oney)
S[RIOUITU [BIOADS
£91R[0J DY QIB[O] {SPIOUIOIED
g pue ‘D F'g 'y SurueIA Wniog (L002T) "o 12 IIIyoL
[ounar wnisg (9002) "Te 10 Jowr[[IA

[ounar wniag (6007) T8 10 vINg

ainsodxg Apmg
S3IPN)S [BUOIBAIISGO

'l 319vl




Human Immunodeficiency Virus and Vitamin A 11

Women infected with HIV are at higher risk for gynecological infections, and one study has
shown that nutrition may play a role in the prevalence of such morbidities. In the United States, a
cross-sectional sub-study was performed on data from 329 HIV-infected and 184 HIV-uninfected
participants in the HIV Epidemiology Research Study (HERS) (Tohill et al., 2007). Blood was
collected from the participants, ages 20 to 57 years, and assessed for 13 micronutrients, including
vitamin A and carotenoids. Gynecological measurements were made on the core study cohort and
included diagnoses of trichomoniasis, bacterial vaginosis, Candida colonization, human papilloma-
virus (HPV) infection, and abnormal cervical cytology. By using population concentration quartiles
to estimate four discrete nutrient concentrations, the authors produced an indirect standardization
to population nutrient concentrations (instead of only assessing population nutrient deficiency).
Increasing levels of o-carotene were associated with lower prevalence of trichomoniasis (95% CI
for all analyses; adjusted odds ratio [AOR] of 0.88, 0.63, and 0.12 for Q2, Q3, and Q4, respectively).
Additionally, higher concentrations of vitamin A, B-carotene, and vitamins C and E were associated
with a lower risk of bacterial vaginosis (vitamin A odds ratios [ORs] of 0.60, 0.45, and 0.87 for Q2,
Q3, and Q4, respectively; B-carotene ORs of 0.72, 1.46, and 0.40 for Q2, Q3, and Q4, respectively).
Though the study had a large sample size, the authors acknowledge its limitations, including lack of
acute phase reactants, inability to account for the cohort’s high prevalence of infection and inflam-
mation, and lack of causality due to the study design. Nonetheless, this study highlights the need
for a future randomized controlled trial using vitamin A and/or carotenoid supplementation and
measuring gynecological outcomes in HIV-infected women.

In Tanzania, a prospective cohort study nested within a large randomized controlled trial
(Tanzania Vitamin and HIV Infection Trial) (Fawzi et al. 1999) assessed plasma concentrations of
vitamin A and child mortality, child morbidity, infant birthweight, respiratory infections, diarrheal
infections, and HIV infections in children born to HIV-infected mothers (Chatterjee et al., 2010).
From 12 to 27 weeks gestation until the end of pregnancy, women took micronutrient supplements
containing (1) vitamin A and B-carotene; (2) multiple micronutrients; (3) vitamin A, B-carotene,
and multiple micronutrients; or (4) a placebo. Using Cox proportional hazards models, all children
(both HIV-infected and uninfected) in the highest quartile of vitamin A status had a 49% lower risk
of mortality (HR, 0.51; 95% CI, 1.29-0.90) up to 24 months of age. However, no associations were
detected between the children’s plasma vitamin A concentration and MTCT, symptoms of respira-
tory disease, or diarrhea. The observational nature of this study may explain the lack of association
between vitamin A status and MTCT. An alternative explanation is that a child’s vitamin A status
may not have any bearing on MTCT; rather, it is the action of vitamin A in the mother that increases
MTCT, as seen in previous studies. This study supports vitamin A supplementation in HI V-infected
mothers as being key to reducing deaths in their children.

A retrospective study explored mannose-binding lectin 2 (MBL-2) gene polymorphisms in South
African infants born to HIV-positive mothers undergoing vitamin A/B-carotene supplementation
(Kuhn et al., 2006). MBL-2 binds carbohydrate ligands, including those on the HIV envelope, opso-
nizing the virus (Coutsoudis et al., 1999). Initially, the authors explored MBL-2 because previ-
ous studies showed an increased frequency of MBL-2 alleles among adults with HIV and because
MBL-2 has been associated with an increased risk of vertical transmission in Brazilian children
(Boniotto et al., 2003). MBL-2 is part of the innate immune response, and polymorphisms in this
gene result in lower concentrations of functional MBL-2 in serum (i.e., dampened acute phase
response) and unexplained immunodeficiency (Turner, 1996). During data analysis, the authors
observed that there were differences among the arms of the trial, and thus assessed gene—environ-
ment interactions between the vitamin A and B-carotene supplementation and MBL-2 variants in
relation to MTCT. The results were striking: After adjusting for maternal CD4+ T-cell count, low
birthweight, and nonexclusive breastfeeding, there was a significant association between MBL-2
variants and susceptibility to HIV transmission among the placebo group only (OR, 2.97; 95% CI,
1.12-7.83). The vitamin A/B-carotene supplementation was significantly associated with a reduction
in HIV transmission among infants with variant MBL-2 alleles (OR, 0.37; 95% CI, 0.15-0.91) in
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contrast to no reduction in non-variant MBL-2 alleles (OR, 1.25; 95% CI, 0.56-2.78). The authors
also determined that pre-intervention maternal serum retinol and CD4* T-cell counts modified asso-
ciations between intervention group MBL-2 variants and HIV transmission, in that placebo group
MBL-2 variants were associated with increased transmission if the mothers’ serum retinol level was
in the lowest third of the population (<22.4 ng/mL). Similarly, if the mothers’ baseline CD4* T-cell
counts were within the lowest third (<335 counts), MBL-2 variants showed lower rates of transmis-
sion. From this study, it appears that serum retinol level impacts the risk of contracting HIV at the
genetic level, specifically, the mannose-binding-lectin gene and associated polymorphisms.

RAaNDOMIZED CONTROLLED TRIALS

Adults

Some evidence from a clinical trial conducted in Canada points toward the possible benefits of using
carotenoids to improve survival and mortality in advanced AIDS patients (Austin et al., 2006).
In this randomized, double-blind, placebo-controlled, multi-center trial, 331 adults with advanced
AIDS were treated with daily oral multivitamins containing vitamin A and other trace elements
(the exact formulation was not described) while continuing other anti-HIV therapies. About half of
the subjects (n = 165) also received mixed carotenoids (12,560 umol/L B-carotene), equivalent to
630 pmol/L retinol four times per day. All were followed for a mean of 13 months (standard devia-
tion, six months). The authors found no associations between increased B-carotene levels and new
or recurrent AIDS-defining illness (hazard ratio [HR], 1.21; 95% CI, 0.65-2.25). After adjusting for
carotenoid treatment in covariate analysis, the authors saw a trend toward decreased risk of death in
those with higher baseline serum carotene concentrations (HR, 0.25; 95% CI, 0.10-0.63) and higher
baseline CD4+ T-lymphocyte counts (HR, 0.60; 95% CI, 0.46—0.78). Viral load had no effect on
death (HR, 1.76; 95% CI, 0.87-3.54). The authors concluded that B-carotene supplementation has a
positive effect in AIDS patients, even though the B-carotene content of the supplement was uneven
throughout the trial due to vitamin degradation.

Several recent trials have explored the impact of micronutrient-fortified food consumption on
various HIV-related outcomes (Ndekha et al., 2009; Hummelen et al., 2011; Evans et al., 2013;
Grobler et al., 2013; Motswagole et al., 2013; Ivers et al., 2014). In one trial, sorghum was mixed
with a vitamin and mineral premix (Motswagole et al., 2013). The mixture contained 87 pmol
vitamin A, 0.35 mg vitamin B,, 0.50 mg vitamin B,, 4.50 mg vitamin B;, 0.50 mg vitamin B, 0.05
mg folate, and 2.80 mg elemental iron. Control (non-fortified) and fortified sorghum was provided
to 67 HIV-positive adults for two months in a double-blind, randomized, placebo-controlled trial
in Kanye, Botswana, to assess effects on immune function. The authors found no significant dif-
ferences in serum retinol level, CD4* cell count, or HIV viral load before and after intervention.
The authors attributed the lack of effect to the possibility of low micronutrient content in the food,
despite fortification. Although no effect was seen, the authors stressed the need for future HIV inter-
ventions using fortified foods (with, potentially, higher micronutrient levels), as well as maintaining
macronutrient intake and proper weight in HIV patients as a vital part of disease management.

Pregnant or Lactating Women and Their Infants

Although previous studies have found that supplementing ART-naive, HIV-infected, pregnant, or
lactating women with vitamin A/B-carotene increases the risk of transmission through breastfeed-
ing, the mechanism is not well understood. Several trials have explored the role of vitamin supple-
mentation and MTCT, including HIV shedding in breast milk and subclinical mastitis, using data
collected from the trial conducted by Fawzi et al. (1999) in Tanzania. One study aimed to evaluate the
effect of vitamin A/B-carotene supplementation compared to multivitamins (B complex, C, and E)
on HIV shedding in breast milk during the first two years postpartum to shed light on the mechanis-
tic actions involved; 1319 breast milk samples from 594 women were analyzed for viral and proviral
load (Villamor et al., 2010). Women assigned to the vitamin A/B-carotene arm had a significantly
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higher proportion of samples with detectable viral load at or after six months postpartum (51.3% vs.
44.8%, respectively; p = 0.02). The multivitamin arm and placebo arm did not differ significantly in
viral load (p = 0.69), and neither vitamin A/B-carotene nor multivitamins impacted the proviral load
(p = 0.29 and p = 0.86, respectively). After adjustment for -carotene concentration, breast milk
retinol concentration was not associated with viral load; however, B-carotene concentration was
related to increased viral load in breast milk when quartile 1 (low B-carotene concentration) was
compared to quartile 2 or higher (p = 0.02). Because the proviral load was not affected by vitamin
A/B-carotene supplementation, the authors postulated that mechanisms other than maternal macro-
phageal CCRS5 upregulation are at work or that mastitis increases MTCT. A later study (Arsenault et
al., 2010) characterized subclinical mastitis prevalence in this population, with moderate subclinical
mastitis defined as ratio of sodium to potassium (Na:K) breast milk concentration between 0.6 and
1 or, in severe cases, as greater than 1. Both treatment arms—vitamin A/B-carotene and multivita-
min supplements—had an increased risk of severe subclinical mastitis (45% and 75%, respectively)
compared to placebo. This unexpected effect of multivitamins was apparent among women with
higher baseline CD4+ cell counts but not in women with more advanced HIV. One explanation for
this surprising outcome is that the vitamin intervention enhanced women’s immunological and
inflammatory response. Mastitis is caused by infection with Staphylococcus aureus or Escherichia
coli, which increases the production of IFN-y and IL-8, cytokines that enhance neutrophil oxidative
burst capacity. Increased intake of vitamins in the presence of these pathogens might increase neu-
trophil activity, leading to excessive oxidation and tissue damage in terms of opened tight junctions
in the mammary epithelium. It is clear from these studies that, although nutrient supplementation
generally positively impacts HI V-related morbidity, vitamin A/B-carotene and multivitamin adjunct
therapy is not recommended for pregnant or lactating mothers, as the risk for HIV transmission to
breastfeeding children is heightened, as described by the WHO Guidelines (2011d,e,f).

Although vitamin A/B-carotene and multivitamin supplementation increases the risk of MTCT,
vitamin A/B-carotene and/or multivitamin supplementation in HIV-infected Tanzanian pregnant
women had several positive impacts on health outcomes in their children. In one study, sex dif-
ferences were apparent among the 959 mother—infant pairs analyzed (Kawai et al., 2010). Among
girls, the multivitamin intervention lessened the risk of fetal death (risk ratio [RR], 0.68; 95% CI,
0.47-0.97) and low birthweight (RR, 0.39; 95% CI, 0.22-0.67). Compared to girls, low birthweight
among boys was reduced by only 19% (RR, 0.81; 95% CI, 0.44-1.49). Small-for-gestational-age
among both sexes was reduced non-differentially by sex (p for interaction = 0.66). Maternal mul-
tivitamin supplementation also reduced their children’s risks of diarrhea overall by 17%. However,
vitamin A/B-carotene did not have any effects on fetal death, low birthweight, or gestational age,
although this arm did see a reduction in the diarrhea risk among boys. This study conflicts with
previous findings that showed a reduction in mortality only in boys. Overall, girls appeared to reap
more benefits of maternal multivitamin supplementation than boys, which could be explained by a
number of factors, including thymus size, susceptibility to malnutrition, low birthweight risk, and
varying immune function among the sexes. Another study sought to uncover the effect of mater-
nal multivitamin supplementation on HIV-1 vertical transmission and progression and found that,
although multivitamin supplementation increased both psychomotor and mental development in
children, vitamin A did not have any effects (McGrath et al., 2006); further details may be found in
Mehta and Fawzi’s review (2007).

Several studies analyzed data on pregnant or postpartum women with and without HIV from
trials conducted in Zimbabwe (Zimbabwe Vitamin A for Mothers and Babies [ZVITAMBO] trial
study group) and in Tanzania (Fawzi et al., 2007). The ZVITAMBO trial enrolled a total 14,110
mother—neonate pairs, wherein both mother and infant, mother only, infant only, or neither mother
nor infant received vitamin A supplementation in a randomized, placebo-controlled trial with a 2
x 2 factorial design (Humphrey et al., 2006). A single dose of 41,880 umol/L vitamin A or placebo
given within 96 hours postpartum had no significant impact on HIV incidence in HIV-negative
mothers, but those with low baseline serum retinol levels were 10.4 (95% CI, 3.00-36.28) times more
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likely to sexually acquire HIV during the postpartum year. More details can be found in a previous
review (Mehta and Fawzi, 2007). In another study based on this cohort, no effect on HIV-positive
or HIV-negative maternal mortality or morbidity was seen, and in HIV-positive women serum reti-
nol increased only among those with a CD4* cell count less than 200 x 10°¢ cells/L (Zvandasara
et al., 2006). Both studies attribute the lack of effect to the fact that just 9% of the HIV-negative
women were vitamin-A deficient at baseline. The ZVITAMBO trial results give further evidence
that HIV alters metabolism, causing vitamin A deficiency that may not be necessarily corrected by
supplementation.

The aforementioned randomized controlled trial in Tanzania, which enrolled 1078 HIV-positive
pregnant women, has led to a number of studies. Smith Fawzi et al. (2007) assessed whether multi-
vitamin supplementation in this cohort had any impact on health-related quality of life (QOL) and
the risk of major depressive disorder (MDD), for depression has been shown to be prevalent among
HIV-infected patients in observational studies (Cook et al., 2004; Ickovics et al., 2001). A psycho-
social assessment was performed throughout the follow-up period, starting with two months after
enrollment, two months after delivery, every six months until 2001, and every 12 months thereafter.
Using the Hopkins Symptom Checklist-25 (HSCL-25) to assess MDD and the Medical Outcomes
Study Short Form-36 to assess health-related QOL, the authors found that multivitamin supplemen-
tation reduced the incidence of elevated depressive symptoms (RR, 0.78; 95% CI, 0.66—0.99) and
reduced the incidence of poor health-related QOL. However, no associations between vitamin A
supplementation and depressive symptoms or QOL were found. Although vitamin A did not impact
depressive symptoms in this study, no harmful effects were noted. Multivitamins appear to have
more than just positive physical effects in HIV patients—they seem to improve mental and emo-
tional health, thereby improving quality of life.

Children

In KwaZulu-Natal, South Africa, three studies were performed on both HIV-infected and unin-
fected infants that were enrolled in a large, randomized clinical trial and assessed for longitudi-
nal growth, anemia, and diarrhea, as predicted by vitamin A, zinc, and multiple micronutrients
(Luabeya et al., 2007, Chhagan et al., 2009, 2010). In this trial, four- to six-month-old infants
were treated with vitamin A only, with vitamin A and zinc, or with vitamin A, zinc, and mul-
tiple micronutrients, including B-complex vitamins; vitamins C, D, E, and K; and minerals.
Unfortunately, the lower-than-expected enrollment of HIV-positive children limited the possible
analyses. Luabeya et al. (2007) found no difference in respiratory or diarrheal disease morbidity
among the three cohorts. However, Chhagan et al. (2010) found that vitamin A, zinc, and multiple
micronutrients had worse longitudinal growth than in the other two intervention arms (p = 0.042
for treatment by time interaction). Because these studies had only 25 HIV-infected children, indi-
vidual subject plots were made to find influential subjects that may have contributed to the growth
outcomes; censorship due to death or loss to follow-up was associated with poor growth. Chhagan
et al. (2009) found that in contrast to vitamin A and zinc, with or without multiple micronutrients,
vitamin A alone failed to improve growth in HIV-uninfected children with recurring diarrhea.
However, these are post hoc analyses and must be interpreted with caution. Table 1.3 provides a
summary of these studies.

Interaction with ART

In addition to other micronutrients, vitamin A is thought to complement ART in treating and reduc-
ing HIV symptoms and morbidities, as well as in slowing down HIV progression. Previous obser-
vational studies have shown differences in vitamin A status and immunity associated with ART.
Drain et al. (2007) reviewed research regarding micronutrients and highly active antiretroviral
therapy (HAART) prior to 2007. One six-month intervention showed that certain micronutrients,
including daily doses of 150 ug of vitamin A (along with vitamins C and E), resulted in improve-
ment in immunity among the HIV-positive adults receiving HAART (Jaruga et al., 2002). Another
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observational study found decreased serum retinol but increased retinol-binding protein (RBP) in
HIV-positive adults receiving HAART (Toma et al., 2001); however, another cross-sectional study
showed no differences in mean plasma vitamin A concentration between those adults receiving
HAART and those not receiving the therapy (Rousseau et al., 2000). Below, we review recent stud-
ies examining interactions between vitamin A and ART/HAART.

A cross-sectional study in Addis Ababa was conducted among HIV/AIDS patients to determine
the association between micronutrient levels, including serum retinol, and the response to HAART
(measured by CD4* T-cell count) (Eshetu et al., 2014). The study included 171 patients who had
taken HAART for at least six months. Retinol deficiency was found to be the second highest nutrient
deficiency at 14% prevalence (after zinc, at 46.8% prevalence), and statistically significantly lower
CD4+ T-cell counts were found among patients with deficient retinol. When analyzed by quartiles,
higher serum retinol in the fourth quartile was associated with lower T-cell counts in comparison to
the third quartile. The authors noted that Jones et al. (2006) also found high log,, viral load levels
in this same quartile. The effect may be due to retinol’s function in increasing lymphoid cell dif-
ferentiation and, hence, increasing CCRS5 receptors, which allow HIV to attach to lymphocytes.
Although causation cannot be determined in this study, caution is advised in supplementing patients
on HAART with vitamin A.

Across-sectional study in Sdo Paulo, Brazil, was conducted among adults undergoing three dif-
ferent HAART regimens (Kaio et al., 2013). Participants were divided into groups based on their
treatment regimens: (1) a combination of nucleoside analog reverse transcriptase inhibitors (NRTIs)
and non-NRTTIs; (2) a combination of NRTIs, protease inhibitors, and ritonavir; and (3) a combina-
tion of NRTIs and other classes. The authors found that serum vitamin A and B-carotene concentra-
tions did not differ by regimen after controlling for gender, age, educational level, smoking, physical
activity, body mass index, time of infection with HIV, presence of comorbidities, CD4+T-cell count,
total cholesterol and fractions, and triglyceride levels.

In Uganda, 847 children ages 1 to 5 years were stratified by ART use (n = 85 using ART; n =
762 no ART), and each arm was randomized to a daily regimen of either twice the recommended
dietary allowance (RDA) of 14 vitamins and minerals (including vitamin A at 800 pg per dose)
or the standard RDA recommendation of six vitamins (400 ug vitamin A per dose) (Ndeezi et al.,
2010). After the six-month intervention, all children received the standard-of-care regimen of six
vitamins. Mortality, CD4* T-cell count, and growth at 12 months after intervention were assessed.
No significant differences between the ART/no ART groups receiving extra vitamins and those
receiving the standard-of-care amounts of six multivitamins were found. Although the results were
null, few adverse effects were reported, showing that vitamins did not cause harm, even if they did
not have a statistically significant benefit. A beneficial effect may be observed should the limitations
of the current study—the lack of a placebo group, perhaps giving vitamins at too low a dosage, and
a shorter period of intervention—be resolved in future trials.

A trial conducted in Canada sought to determine whether 3-carotene supplementation affects
the action of the protease inhibitor antiretroviral drug nelfinavir and its active metabolite, M8,
in HIV-1-infected individuals (Sheehan et al., 2012). Results from previous studies suggest that
B-carotene may inhibit or induce cytochrome P450 enzymes and transporters. Nelfinavir phar-
macokinetic analysis was performed at baseline and after 28 days of B-carotene supplementa-
tion; although serum carotene levels increased, no significant differences in nelfinavir and M8
concentrations were observed before or after J-carotene supplementation at the 90% confidence
level. Though the result was null, it can be concluded that B-carotene supplementation was not
detrimental to the action of the antiretroviral drug and may promote adherence to the antiretro-
viral regimen.

Once in the bloodstream, vitamin A is bound to RBP for transport in the circulation. RBP level
may be a potential biomarker for the early detection of metabolic abnormalities associated with
HAART treatment in HIV patients. A study conducted in Seoul sought to determine associations
between RBP4, a recently identified adipokine thought to be linked to insulin resistance, obesity,
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and type 2 diabetes (Kotnik et al., 2011), and metabolic disease outcomes in HIV-infected patients
receiving HAART (Han et al., 2009). HAART has been shown to contribute to the development
of metabolic disease symptoms, including insulin resistance, dyslipidemia, and lipodystrophy, and
thus there is an increased prevalence of metabolic syndrome and cardiovascular disease in this
population. This study enrolled 113 patients who had received HAART for at least six months;
patients receiving certain other medications, anti-obesity drugs, or having chronic disease were
excluded. A fasting blood sample was taken and analyzed for RBP4 levels. Waist circumference (p
= 0.011), waist-to-hip-ratio (p = 0.004), body mass index (p = 0.014), and total body fat mass (p =
0.024) were significantly increased with increasing RBP4 quartiles. Subjects with higher RBP4 had
significantly higher triglycerides (p = 0.011). However, the authors did not state whether subjects
were taking dietary supplements such as vitamin A, and serum retinol was not established. Thus,
advising patients receiving HAART to take vitamin A supplementation must be elucidated further
in future studies. Table 1.4 provides a summary of these studies.

PROGRAMS WITH VITAMIN A-SPECIFIC PLANS FOR
COMBATING HIV/AIDS AND RECOMMENDATIONS

Programs that have specific recommendations regarding vitamin A supplementation are highlighted
here. Many countries simply follow the guidelines of the World Health Organization (WHO), such
as Papua New Guinea (PNG NDoH, 2011). Some countries, including Kenya and India, indicate
specific recommendations, as described below (NASCOP, 2006; NACO, 2012, 2013).

The Government of Kenya provides HIV/AIDS treatment guidelines with specific nutrition rec-
ommendations. The Kenyan National Guidelines on Nutrition and HIV/AIDS (NASCOP, 2006)
recommends that both HIV-infected and HIV-negative pregnant women and new mothers receive
the same micronutrient interventions; specific to vitamin A, this includes the consumption of vita-
min A- and pro-vitamin A-rich foods and a single dose of vitamin A (200,000 IU) within eight
weeks postpartum. Infants who require replacement formula (instead of breast milk) should con-
sume milk with micronutrients added at the level of the RDA, including vitamin A. Both HIV-
exposed and HIV-infected children should receive vitamin A, along with deworming and routine
vaccinations. These guidelines were last updated in 2006, however, and may require revision in
accordance with the WHO’s latest guidelines (see below).

The National AIDS Control Organisation (NACO) of India has also published specific recom-
mendations for vitamin A supplementation for both children (NACO, 2013) and adults (NACO,
2012). According to NACO, all children 6 to 60 months of age, both HIV-infected and uninfected,
are to receive vitamin A supplements (100,000 IU every six months until 12 months of age; 200,000
IU every six months from 12 months to 5 years of age). Recommendations for adults, including
pregnant women, are to take vitamin A at levels based on the RDA (adults, 600 ug/day retinol;
pregnant women in India, 800 pg/day retinol).

SUuMMARY OF WORLD HEALTH ORGANIZATION GUIDELINES AND RECOMMENDATIONS

The World Health Organization is a global health leader operating within the United Nations (UN)
and provides norms, standards, health and disease statistics, and support to countries for monitoring
trends in health. The WHO offers guidelines for overall HIV prevention, diagnosis, treatment, and
care (WHO, 2014b) and also has specific recommendations for vitamin A supplementation among
specific populations who are HIV positive (WHO, 2011a—f). These guidelines are compiled from
several documents that were published in 2011 and can be accessed online (http://www.who.int/
elena/titles/full_recommendations/vitamina_supp/en/). The WHO vitamin A supplementation and
HIV recommendations are based on systematic reviews from the Cochrane Collaboration (Imdad
et al., 2010; Irlam et al., 2010, 2013).


http://www.who.int/elena/titles/full_recommendations/vitamina_supp/en/
http://www.who.int/elena/titles/full_recommendations/vitamina_supp/en/
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Recommendations

* Vitamin A supplementation is not recommended for newborns and infants up to 5 months
of age (WHO, 2011a,b). In locales where night blindness prevalence is 21% among children
12 to 24 months of age or where vitamin A deficiency (serum retinol < 0.70 umol) is > 20%
among children 6 to 59 months of age, WHO recommends that infants 6 to 11 months of
age, including those who are HIV positive, receive one dose of vitamin A (100,000 IU or
300 mg RE) in an oral liquid, oil-based preparation of retinyl palmitate or retinyl acetate
(WHO, 2011c¢).

* For children 12 to 59 months of age, including HIV-positive individuals, WHO recom-
mends 200,000 IU (60 mg RE) of vitamin A every four to six months (WHO, 2011c).

* For pregnant women, it is not recommended that they receive routine vitamin A supple-
mentation to prevent maternal and infant morbidity and mortality, as vitamin A is a known
teratogen. However, in settings where night blindness > 5% in pregnant women or in chil-
dren 24 to 59 months of age, vitamin A supplementation is recommended during preg-
nancy to prevent night blindness (WHO, 2011d).

* WHO does not recommend that HIV-positive pregnant women receive vitamin A supple-
mentation for reducing the risk of mother-to-child transmission (MTCT) of HIV (WHO,
2011e). Several studies have shown an increased risk for MTCT when vitamin A is admin-
istered, as discussed in this chapter and in Mehta and Fawzi’s review (2007).

e Vitamin A supplementation is not recommended for postpartum women for the prevention
of maternal and infant morbidity and mortality (WHO, 2011f). Again, studies have shown
that vitamin A supplementation increases the risk of HIV transmission from mothers to
their babies via horizontal transmission (i.e., through breastfeeding).

WHO guidelines for vitamin A supplementation among HIV-positive adults require further
research, and WHO does not have specific recommendations for vitamin A supplementation among
non-pregnant, HI'V-positive adults. Because low levels of serum vitamin A have been associated
with increased disease progression and risk of mortality, providing vitamin A supplements may
delay disease progression. However, inconsistent results show no clear indication of benefits result-
ing from vitamin A supplementation among HIV-positive adults (last updated July 2015, accessible
at http://www.who.int/elena/titles/vitamina_hiv_adults/en/).

SUMMARY OF PRESIDENT’S EMERGENCY PLAN FOR AIDS RELIEF RECOMMENDATIONS

The President’s Emergency Plan for AIDS Relief (PEPFAR) is the largest U.S. bilateral health assis-
tance program and government initiative. It is part of the U.S. President’s Global Health Initiative
created during President George W. Bush’s term (2001-2009), beginning with a commitment of $15
million toward fighting HIV/AIDS. The initiative is entering its second phase, focusing on transi-
tioning from an emergency response to promoting sustainable country-level programs. PEPFAR’s
published guidelines, specific to vitamin A, include the following (Sadr et al., 2011):

e Vitamin A (and zinc) supplementation is recommended for HI V-infected children, accord-
ing to national guidelines (PEPFAR, 2006).

e Components of an integrated care package for newborns, infants, and children up to 5
years of age should include vitamin A and other micronutrient supplementation (PEPFAR,
2011).

These recommendations, too, will require expansion to more populations, with revisions and updat-
ing as more research comes to light.


http://www.who.int/elena/titles/vitamina_hiv_adults/en/
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CONCLUSIONS

Despite the efforts of researchers, organizations, and agencies around the world, HIV/AIDS con-
tinues to affect millions of people, including children. Vitamin A administration influences the
course of disease in adults, children, and pregnant women, as well as in mouse models in labora-
tory settings. Additional research has demonstrated several possible mechanisms to explain why
vitamin A appears to increase the risk of mother-to-child transmission, such as exacerbated mas-
titis in mothers leading to infected children; these susceptible populations should avoid vitamin A
supplementation. What remains to be determined is the proper dosages of micronutrients neces-
sary for at-risk populations and how the supplementation should be delivered—by pill, through
fortified foods, or by other methods. Genetic polymorphisms of MBL-2 appear to modulate the
association between vitamin A status and HIV risk, thus highlighting the need for further research
into genetic differences in the link between nutrition and HIV. Research regarding how vitamin
supplementation can impact the prognosis of diseases that increase the risk of HIV co-infection,
such as tuberculosis, is also a priority. Additionally, vitamins B, C, D, and E must be better charac-
terized in the context of HIV; Fawzi’s Trial of Vitamins and HAART in HIV Disease Progression
(Clinicaltrials.gov identifier: NCT00383669) is one study examining the effects of multivitamins
on HIV disease progression. The complexity of vitamin A’s role in HIV pathogenesis, with its both
helpful and harmful effects, warrants more study to determine the most effective and efficient use
of this micronutrient. Further research and international collaborations are crucial in the continu-
ing fight against HIV/AIDS.

REFERENCES

Arsenault, J.E., S. Aboud, K. P. Manji, W. W. Fawzi, and E. Villamor. (2010). Vitamin supplementation
increases risk of subclinical mastitis in HIV-infected women. Journal of Nutrition 140(13): 1788-92.

Austin, J., N. Singhal, R. Voigt et al.; CTN 09/CRIT Cartenoids Study Group. (2006). A community random-
ized controlled clinical trial of mixed carotenoids and micronutrient supplementation of patients with
acquired immunodeficiency syndrome. European Journal of Clinical Nutrition 60(11): 1266-76.

Baeten, J. M., R. S. McClelland, J. Overbaugh et al. (2002). Vitamin A supplementation and human immuno-
deficiency virus type 1 shedding in women: results of a randomized clinical trial. Journal of Infectious
Diseases 185(8): 1187-91.

Baeten, J. M., R. S. McClelland, M. H. Wener et al. (2007). Relationship between markers of HIV-1 disease
progression and serum beta-carotene concentrations in Kenyan women. International Journal of STD
& AIDS 18(3): 202-6.

Boniotto, M., L. Braida, D. Pirulli, L. Arraes, A. Amoroso, and S. Crovella. (2003). MBL2 polymorphisms are
involved in HIV-1 infection in Brazilian perinatally infected children. AIDS 17(5): 779-80.

Buccigrossi, V., G. Laudiero, E. Nicastro, E. Miele, F. Esposito, and A. Guarino. (2011). The HIV-1 transacti-
vator factor (Tat) induces enterocyte apoptosis through a redox-mediated mechanism. PloS One 6(12):
€29436.

Chatterjee, A., R. J. Bosch, D. J. Hunter, K. Manji, G. I. Msamanga, and W. W. Fawzi. (2010). Vitamin A and
vitamin B-12 concentrations in relation to mortality and morbidity among children born to HI V-infected
women. Journal of Tropical Pediatrics 56(1): 27-35.

Chhagan, M. K., J. Van den Broeck, K.-K. A. Luabeya, N. Mpontshane, K. L. Tucker, and M. L. Bennish.
(2009). Effect of micronutrient supplementation on diarrhoeal disease among stunted children in rural
South Africa. European Journal of Clinical Nutrition 63(7): 850-7.

Chhagan, M. K., J. Van den Broeck, K.-K. A. Luabeya, N. Mpontshane, A. Tomkins, and M. L. Bennish.
(2010). Effect on longitudinal growth and anemia of zinc or multiple micronutrients added to vitamin A:
arandomized controlled trial in children aged 6—24 months. BMC Public Health 10: 145.

Cook, J. A., D. Grey, J. Burke et al. (2004). Depressive symptoms and AIDS-related mortality among a multi-
site cohort of HIV-positive women. American Journal of Public Health 94(7): 1133—-40.

Coutsoudis, A., K. Pillay, E. Spooner, L. Kuhn, and H. M. Coovadia. (1999). Randomized trial testing the
effect of vitamin A supplementation on pregnancy outcomes and early mother-to-child HIV-1 transmis-
sion in Durban, South Africa. South African Vitamin A Study Group. AIDS 13(12): 1517-24.



22 Nutrition and HIV: Epidemiological Evidence to Public Health

Degenhardt, L., B. Mathers, P. Vickerman, T. Rhodes, C. Latkin, and M. Hickman. (2010). Prevention of
HIV infection for people who inject drugs: why individual, structural, and combination approaches are
needed. The Lancet 376(9737): 285-301.

Drain, P. K., R. Kupka, F. Mugusi, and W. W. Fawzi. (2007). Micronutrients in HIV-positive persons receiving
highly active antiretroviral therapy. American Journal of Clinical Nutrition 85(2): 333—45.

Epple, H.-J., K. Allers, H. Troger et al. (2010). Acute HIV infection induces mucosal infiltration with CD4+ and
CD8+ T cells, epithelial apoptosis, and a mucosal barrier defect. Gastroenterology 139(4): 1289-300.

Eshetu, A., A. Tsegaye, and B. Petros. (2014). Selected micronutrient levels and response to highly active anti-
retroviral therapy (HAART) among HIV/AIDS patients attending a teaching hospital in Addis Ababa,
Ethiopia. Biological Trace Element Research 162(1-3): 106—12.

Evans, D., L. McNamara, M. Maskew et al. (2013). Impact of nutritional supplementation on immune response,
body mass index and bioelectrical impedance in HIV-positive patients starting antiretroviral therapy.
Nutrition Journal 12(1): 111.

Fawzi, W. W., G. I. Msamanga, D. Spiegelman, E. J. Urassa, and D. J. Hunter. (1999). Rationale and design of
the Tanzania Vitamin and HIV Infection Trial. Controlled Clinical Trials 20(1): 75-90.

Fawzi, W. W., G. I. Msamanga, D. Hunter, B. Renjifo, G. Antelman, H. Bang, K. Manji, S. Kapiga, D.
Mwakagile, M. Essex, and D. Spiegelman. (2002). Randomized trial of vitamin supplements in relation
to transmission of HIV-1 through breastfeeding and early child mortality. AIDS 16(14): 1935-44.

Fawzi, W. W., G. I. Msamanga, R. Kupka et al. (2007). Multivitamin supplementation improves hematologic
status in HIV-infected women and their children in Tanzania. American Journal of Clinical Nutrition
85(5): 1335-43.

Fufa, H., M. Umeta, S. Taffesse, N. Mokhtar, and H. Aguenaou. (2009). Nutritional and immunological sta-
tus and their associations among HIV-infected adults in Addis Ababa, Ethiopia. Food and Nutrition
Bulletin 30(3): 227-32.

Grobler, L., N. Siegfried, M. E. Visser, S. S. N. Mahlungulu, and J. Volmink. (2013). Nutritional interventions
for reducing morbidity and mortality in people with HIV. Cochrane Database of Systematic Reviews
2: CD004536.

Guo, M., J. Bryant, S. Sultana, O. Jones, and W. Royal II1. (2012). Effects of vitamin A deficiency and opioids
on hippocampal neuronal numbers and parvalbumin expression in the HIVA-1 transgenic rat. Current
HIV Research 10(5): 463-68.

Han, S. H,, B. S. Chin, H. S. Lee et al. (2009). Serum retinol-binding protein 4 correlates with obesity, insulin
resistance, and dyslipidemia in HIV-infected subjects receiving highly active antiretroviral therapy.
Metabolism: Clinical and Experimental 58(11): 1523-9.

He, J. C., T.-C. Lu, M. Fleet et al. (2007). Retinoic acid inhibits HIV-1-induced podocyte proliferation through
the cAMP pathway. Journal of the American Society of Nephrology 18(1): 93-102.

Hummelen, R., J. Hemsworth, J. Changalucha et al. (2011). Effect of micronutrient and probiotic fortified
yogurt on immune-function of anti-retroviral therapy naive HIV patients. Nutrients 3(10): 897-909.

Humphrey, J. H., J. W. Hargrove, L. C. Malaba et al.; ZVITAMBO Study Group. (2006). HIV incidence
among post-partum women in Zimbabwe: risk factors and the effect of vitamin A supplementation.
AIDS 20(10): 1437-46.

Ickovics, J. R., M. E. Hamburger, D. Vlahov et al.; HIV Epidemiology Research Study Group. (2001).
Mortality, CD4 cell count decline, and depressive symptoms among HIV-seropositive women. JAMA
285(11): 1466-74.

Imdad, A., K. Herzer, E. Mayo-Wilson, M. Y. Yakoob, and Z. A. Bhutta. (2010). Vitamin A supplementation
for preventing morbidity and mortality in children from 6 months to 5 years of age. Cochrane Database
of Systematic Reviews, 12: CD008524.

Irlam, J. H., M. M. Visser, N. N. Rollins, and N. Siegfried. (2010). Micronutrient supplementation in children
and adults with HIV infection. Cochrane Database of Systematic Reviews 12: CD003650.

Irlam, J. H., N. Siegfried, M. E. Visser, and N. C. Rollins. (2013). Micronutrient supplementation for children
with HIV infection. Cochrane Database of Systematic Reviews 10: CD010666.

Ivers, L. C., J. E. Teng, J. G. Jerome, M. Bonds, K. A. Freedberg, and M. F. Franke. (2014). A randomized trial
of ready-to-use supplementary food versus corn—soy blend plus as food rations for HIV-infected adults
on antiretroviral therapy in rural Haiti. Clinical Infectious Diseases 58(8): 1176—84.

Jaruga, P., B. Jaruga, D. Gackowski et al. (2002). Supplementation with antioxidant vitamins prevents oxida-
tive modification of DNA in lymphoctyes of HIV-infected patients. Free Radical Biology and Medicine
32(5): 414-20.



Human Immunodeficiency Virus and Vitamin A 23

Jiang, H., Y. Badralmaa, J. Yang, R. Lempicki, A. Hazen, and V. Natarajan. (2012). Retinoic acid and liver
X receptor agonist synergistically inhibit HIV infection in CD4+ T cells by up-regulating ABCAI-
mediated cholesterol efflux. Lipids in Health and Disease 11: 69.

Jones, C. Y., A. M. Tang, J. E. Forrester et al. (2006). Micronutrient levels and HIV disease status in HIV-
infected patients on highly active antiretroviral therapy in the Nutrition for Healthy Living cohort.
Journal of Acquired Immune Deficiency Syndromes 43(4): 475-82.

Kaio, D. J.,, P. H. Rond6, J. M. Souza, A. V. Firmino, L. A. Luzia, and A. A. Segurado. (2013). Vitamin A and
beta-carotene concentrations in adults with HIV/AIDS on highly active antiretroviral therapy. Journal
of Nutritional Science and Vitaminology 59(6): 496-502.

Kantarci, S., I. N. Koulinska, S. Aboud, W. W. Fawzi, and E. Villamor. (2007). Subclinical mastitis, cell-asso-
ciated HIV-1 shedding in breast milk, and breast-feeding transmission of HIV-1. Journal of Acquired
Immune Deficiency Syndromes 46(5): 651-4.

Kassu, A., B. Andualem, N. Van Nhien et al. (2007). Vitamin A deficiency in patients with diarrhea and HIV
infection in Ethiopia. Asia Pacific Journal of Clinical Nutrition 16(Suppl. 1): 323-8.

Katona, P. and J. Katona-Apte. (2008). The interaction between nutrition and infection. Clinical Infectious
Diseases 46(10): 1582-8.

Kawai, K., G. Msamanga, K. Manji et al. (2010). Sex differences in the effects of maternal vitamin supple-
ments on mortality and morbidity among children born to HIV-infected women in Tanzania. British
Journal of Nutrition 103(12): 1784-91.

Kotnik, P., P. Fischer-Posovszky, and M. Wabitsch. (2011). RBP4: a controversial adipokine. European Journal
of Endocrinology 165(5): 703-11.

Kuhn, L., A. Coutsoudis, D. Trabattoni et al. (2006). Synergy between mannose-binding lectin gene polymor-
phisms and supplementation with vitamin A influences susceptibility to HIV infection in infants born
to HIV-positive mothers. American Journal of Clinical Nutrition 84(3): 610-5.

Loignon, M., H. Brodeur, S. Deschénes, D. Phaneuf, P. V. Bhat, and E. Toma. (2012). Combination antiretro-
viral therapy and chronic HIV infection affect serum retinoid concentrations: longitudinal and cross-
sectional assessments. AIDS Research and Therapy 9(1): 3.

Long, K. Z.,J. L. Rosado, J. L, Santos et al. (2010). Associations between mucosal innate and adaptive immune
responses and resolution of diarrheal pathogen infections. Infection and Immunity 78(3): 1221-8.

Lu, T.-C., Z. Wang, X. Feng et al. (2008). Retinoic acid utilizes CREB and USF1 in a transcriptional feed-
forward loop in order to stimulate MKP1 expression in human immunodeficiency virus-infected podo-
cytes. Molecular and Cellular Biology 28(18): 5785-94.

Luabeya, K.-K. A., N. Mpontshane, M. Mackay et al. (2007). Zinc or multiple micronutrient supplementation
to reduce diarrhea and respiratory disease in South African children: a randomized controlled trial.
PloS One 2(6): e541.

Machado, R. H. V., S. Bonafe, A. Castelo, and R. V. Patin. (2013). Vitamin profile of pregnant women living
with HIV/AIDS. e-SPEN Journal 8(3): e108—12.

Maeda, Y., T. Yamaguchi, Y. H. Ata et al. (2007). All-trans retinoic acid attacks reverse transcriptase resulting
in inhibition of HIV-I replication. Hematology 12(3): 263-6.

McGrath, N., D. Bellinger, J. Robins, G. I. Msamanga, E. Tronick, and W. W. Fawzi. (2006). Effect of mater-
nal multivitamin supplementation on the mental and psychomotor development of children who are born
to HIV-1-infected mothers in Tanzania. Pediatrics 117(2): e216-25.

Mda, S., J. M. van Raaij, U. E. Macintyre, F. P. de Villiers, and F. J. Kok. (2010). Improved appetite after
multi-micronutrient supplementation for six months in HIV-infected South African children. Appetite
54(1): 150-5.

Mehta, S. and W. Fawzi. (2007). Effects of vitamins, including vitamin A, on HIV/AIDS patients. Vitamins
and Hormones 75: 355-83.

Mehta, S., D. Spiegelman, S. Aboud, E. L. Giovannucci, and G. I. Msamanga. (2011). Lipid-soluble vitamins
A, D, and E in HIV-infected pregnant women in Tanzania. European Journal of Clinical Nutrition
64(8): 808-17.

Monteiro, J. P., M. L. Santos Cruz, M. M. Mussi-Pinhata et al. (2014). Vitamin A, vitamin E, iron and zinc sta-
tus in a cohort of HIV-infected mothers and their uninfected infants. Revista Da Sociedade Brasileira
de Medicina Tropical 47(6): 692-700.

Montero, M., N. E. van Houten, X. Wang, and J. K. Scott. (2008). The membrane-proximal external region of
the human immunodeficiency virus type 1 envelope: dominant site of antibody neutralization and target
for vaccine design. Microbiology and Molecular Biology Reviews 72(1): 54—84.



24 Nutrition and HIV: Epidemiological Evidence to Public Health

Mora, J. R., M. Iwata, and U. H. von Andrian. (2008). Vitamin effects on the immune system: vitamins A and
D take centre stage. Nature Reviews. Immunology 8(9): 685-98.

Motswagole, B. S., T. C. Mongwaketse, M. Mokotedi et al. (2013). The efficacy of micronutrient-fortified sor-
ghum meal in improving the immune status of HIV-positive adults. Annals of Nutrition and Metabolism
62(4): 323-30.

Mulu, A., A. Kassu, K. Huruy et al. (2011). Vitamin A deficiency during pregnancy of HIV infected and non-
infected women in tropical settings of Northwest Ethiopia. BMC Public Health 11: 569.

NACO. (2012). National Guidelines for Providing Nutritional Care and Support for Adults Living with HIV
and AIDS. New Delhi: National AIDS Control Organisation, Ministry of Health and Family Welfare,
Government of India, pp. 1-65

NACO. (2013). Nutrition guidelines for HIV-exposed and infected children (0—14 years of age). In: Children’s
Guideline Book. New Delhi: National AIDS Control Organisation, Ministry of Health and Family
Welfare, Government of India, pp. pp. 2—48.

NASCOP. (2006). Kenyan National Guidelines on Nutrition and HIV/AIDS. Nairobi: National AIDS and STI
Control Programme (http:/www.ilo.org/wcmspS/groups/public/---ed_protect/---protrav/---ilo_aids/
documents/legaldocument/wcems_127535.pdf).

Ndeezi, G., T. Tylleskir, C. M. Ndugwa, and J. K. Tumwine. (2010). Effect of multiple micronutrient supple-
mentation on survival of HIV-infected children in Uganda: a randomized, controlled trial. Journal of
the International AIDS Society 13: 18.

Ndekha, M. J,, J. J. G. van Oosterhout, E. E. Zijlstra, M. Manary, H. Saloojee, and M. J. Manary. (2009).
Supplementary feeding with either ready-to-use fortified spread or corn—soy blend in wasted adults start-
ing antiretroviral therapy in Malawi: randomised, investigator blinded, controlled trial. BMJ 338: b1867.

Neves, F. F., H. Vannucchi, A. A. Jorddo, Jr., and J. F. Figueiredo. (2006). Recommended dose for repair of
serum vitamin A levels in patients with HIV infection/AIDS may be insufficient because of high urinary
losses. Nutrition 22(5): 483-9.

Nunnari, G., C. Coco, M. R. Pinzone et al. (2012). The role of micronutrients in the diet of HIV-1-infected
individuals. Frontiers in Bioscience (Elite Edition) E4: 2442-56.

Obuseh, F. A., P. E. Jolly, A. Kulczycki et al. (2011). Aflatoxin levels, plasma vitamins A and E concentrations,
and their association with HIV and hepatitis B virus infections in Ghanaians: a cross-sectional study.
Journal of the International AIDS Society 14: 53.

Papathakis, P. C., N. C. Rollins, C. J. Chantry, M. L. Bennish, and K. H. Brown. (2007). Micronutrient status
during lactation in HIV-infected and HIV-uninfected South African women during the first 6 mo after
delivery. American Journal of Clinical Nutrition 85(1): 182-92.

PEPFAR. (2006). Guidance for United States Government In-Country Staff and Implementing Partners
for a Preventive Care Package for Children Aged 0—14 Years Old Born to HIV-Infected Mothers.
Washington, DC: The President’s Emergency Plan for AIDS Relief (https://2009-2017.pepfar.gov/docu-
ments/organization/77005.pdf).

PEPFAR. (2011). PEPFAR Guidance on Integrating Prevention of Mother to Child Transmission of HIV,
Maternal, Neonatal, and Child Health and Pediatric HIV Services. Washington, DC: The President’s
Emergency Plan for AIDS Relief (https://2009-2017.pepfar.gov/documents/organization/158963.pdf).

PNG NDoH. (2009). Guidelines for HIV Care and Treatment in Papua New Guinea. Port Moresby: Papua
New Guinea National Department of Health (http://www.who.int/hiv/pub/guidelines/papua_art.pdf).

Purnomo, J., S. Jeganathan, K. Begley, and L. Houtzager. (2012). Depression and dietary intake in a cohort of
HIV-positive clients in Sydney. International Journal of STD & AIDS 23(12): 882-6.

Reilly, L., N. Nausch, N. Midzi, T. Mduluza, and F. Mutapi. (2012). Association between micronutrients (vita-
min A, D, iron) and schistosome-specific cytokine responses in Zimbabweans exposed to Schistosoma
haematobium. Journal of Parasitology Research 2012: 128628.

Rousseau, M. C., C. Molines, J. Moreau, and J. Delmont. (2000). Influence of highly active antiretroviral therapy
on micronutrient profiles in HIV-infected patients. Annals of Nutrition and Metabolism 44(5—-6): 212-6.

Royal, III, W., H. Wang, O. Jones, H. Tran, and J. L. Bryant. (2007). A vitamin A deficient diet enhances pro-
inflammatory cytokine, Mu opioid receptor, and HIV-1 expression in the HIV-1 transgenic rat. Journal
of Neuroimmunology 185(1-2): 29-36.

Sadr, W. E., M. Cohen, K. DeCock et al. (2011). PEPFAR Scientific Advisory Board Recommendations for
the Office of the US Global AIDS Coordinator: Implications of HPTN 052 for PEPFAR’s Treatment
Programs. Washington, DC: The President’s Emergency Plan for AIDS Relief, pp. 1-34.

Scrimshaw, N. S., C. E. Taylor, and J. E. Gordon. (1968). Interactions of Nutrition and Infection, WHO
Monograph Series No. 57. Geneva: World Health Organization.

Semba, R. D. (1994). Vitamin A, immunity, and infection. Clinical Infectious Diseases 19(3): 489-99.


http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---ilo_aids/documents/legaldocument/wcms_127535.pdf
https://2009-2017.pepfar.gov/documents/organization/77005.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---ilo_aids/documents/legaldocument/wcms_127535.pdf
https://2009-2017.pepfar.gov/documents/organization/77005.pdf
https://2009-2017.pepfar.gov/documents/organization/158963.pdf
http://www.who.int/hiv/pub/guidelines/papua_art.pdf

Human Immunodeficiency Virus and Vitamin A 25

Sheehan, N. L., R. P. G. van Heeswijk, B. C. Foster et al. (2012). The effect of B-carotene supplementation on
the pharmacokinetics of nelfinavir and its active metabolite M8 in HIV-1-infected patients. Molecules
17(1): 688-702.

Smith Fawzi, M. C., S. F. Kaaya, J. Mbwambo et al. (2007). Multivitamin supplementation in HIV-positive
pregnant women: impact on depression and quality of life in a resource-poor setting. HIV Medicine
8(4): 203-12.

Solomons, N.W. (2012). Vitamin A. In: Present Knowledge in Nutrition, 10th ed., edited by J. W. Erdman, L.
A. MacDonald, and S. H. Zielsel, pp. 149-184. Ames, [A: Wiley-Blackwell.

Srinivas, A., and B. F. Dias. (2008). Antioxidants in HIV positive children. Indian Journal of Pediatrics 75(4):
347-50.

Sultana, S., H. Li, A. Puche, O. Jones, J. L. Bryant, and W. Royal. (2010). Quantitation of parvalbumin+
neurons and human immunodeficiency virus type 1 (HIV-1) regulatory gene expression in the HIV-1
transgenic rat: effects of vitamin A deficiency and morphine. Journal of Neurovirology 16(1): 33—40.

Tohill, B. C., C. M. Heilig, R. S. Klein et al. (2007). Nutritional biomarkers associated with gynecological
conditions among US women with or at risk of HIV infection. American Journal of Clinical Nutrition
85(5): 1327-34.

Toma, E., D. Devost, N. Chow Lan, and P. V. Bhat. (2001). HIV-protease inhibitors alter retinoic acid synthe-
sis. AIDS 15(15): 1979-84.

Turner, M. W. (1996). Mannose-binding lectin: the pluripotent molecule of the innate immune system.
Immunology Today 17(11): 532—40.

UNAIDS. (2013). Global Report: UNAIDS Report on the Global AIDS Epidemic 2013. Geneva: Joint United
Nations Programme on HIV/AIDS. (http://www.unaids.org/sites/default/files/media_asset/UNAIDS_
Global_Report_2013_en_1.pdf).

Villamor, E. and W. W. Fawzi. (2005). Effects of vitamin A supplementation on immune responses and cor-
relation with clinical outcomes effects of vitamin A supplementation on immune responses and correla-
tion with clinical outcomes. Clinical Microbiology Reviews 18(3): 446—64.

Villamor, E., R. Mbise, D. Spiegelman et al. (2002). Vitamin A supplements ameliorate the adverse effect of
HIV-1, malaria, and diarrheal infections on child growth. Pediatrics 109(1): e6.

Villamor, E., S. Kapiga, and W. Fawzi. (2006). Vitamin A serostatus and heterosexual transmission of HIV:
case-control study in Tanzania and review of the evidence. International Journal of Vitamin and
Nutrition Research 76(2): 81-5.

Villamor, E., I. N. Koulinska, S. Aboud et al. (2010). Effect of vitamin supplements on HIV shedding in breast
milk. American Journal of Clinical Nutrition 92(4): 881-6.

Watson, D. S., Z. Huang, and F. C. Szoka, Jr. (2010). All-trans retinoic acid potentiates the antibody response
in mice to a lipopeptide antigen adjuvanted with liposomal lipid A. Immunology and Cell Biology 87(8),
630-3.

Webb, A. L., S. Aboud, J. Furtado et al. (2011). Effect of vitamin supplementation on breast milk concentra-
tions of retinol, carotenoids, and tocopherols in HIV-infected Tanzanian women. European Journal of
Clinical Nutrition 63(3): 332-9.

WHO. (2003). Nutrient Requirements for People Living with HIV/AIDS. Geneva: World Health Organization.

WHO. (2009). Global Prevalence of Vitamin A Deficiency in Populations at Risk 1995-2005. Geneva: World
Health Organization.

WHO. (2011a). Guideline: Neonatal Vitamin A Supplementation. Geneva: World Health Organization (http://
www.who.int/nutrition/publications/micronutrients/guidelines/vas_neonatal/en/).

WHO. (2011b). Guideline: Vitamin A Supplementation for Infants 1-5 Months of Age. Geneva: World Health
Organization (http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_infants_1-5/en/).

WHO. (2011c¢). Guideline: Vitamin A Supplementation for Infants and Children 6—-59 Months of Age. Geneva:
World Health Organization (http://www.who.int/nutrition/publications/micronutrients/guidelines/vas
_6to59_months/en/).

WHO. (2011d). Guideline: Vitamin A Supplementation in Pregnant Women. Geneva: World Health
Organization (http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_pregnant/en/).

WHO. (2011e). Guideline: Vitamin A Supplementation During Pregnancy for Reducing the Risk of Mother-
to-Child Transmission of HIV. Geneva: World Health Organization (http:/www.who.int/nutrition/
publications/micronutrients/guidelines/vas_mtct_hiv/en/).

WHO. (2011f). Guideline: Vitamin A Supplementation in Postpartum Women. Geneva: World Health
Organization (http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_postpartum/en/).

WHO. (2014a). Nutrition: Micronutrient Deficiencies. Geneva: World Health Organization (http://www.who.
int/nutrition/topics/vad/en/).


http://www.unaids.org/sites/default/files/media_asset/UNAIDS_Global_Report_2013_en_1.pdf
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_6to59_months/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_mtct_hiv/en/
http://www.who.int/nutrition/topics/vad/en/
http://www.unaids.org/sites/default/files/media_asset/UNAIDS_Global_Report_2013_en_1.pdf
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_neonatal/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_neonatal/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_6to59_months/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_mtct_hiv/en/
http://www.who.int/nutrition/topics/vad/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_infants_1-5/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_postpartum/en/
http://www.who.int/nutrition/publications/micronutrients/guidelines/vas_pregnant/en/

26 Nutrition and HIV: Epidemiological Evidence to Public Health

WHO. (2014b). Consolidated Guidelines for HIV Prevention, Diagnosis, Treatment and Care for Key
Populations. Geneva: World Health Organization (http:/apps.who.int/iris/bitstream/10665/128048/
1/9789241507431_eng.pdf?ua=1&ua=1).

WHO. (2014c). Global Health Observatory (GHO) Data: HIV/AIDS. Geneva: World Health Organization
(http://www.who.int/gho/hiv/en/).

WHO and CDC. (2007). Nutrition: Assessing the Iron Status of Populations, 2nd ed. Report of a Joint
World Health Organization/Centers for Disease Control and Prevention Technical Consultation on the
Assessment of Iron Status at the Population Level, Geneva, April 68, 2004.

Yu, M. and M. Vajdy. (2011). A novel retinoic acid, catechin hydrate and mustard oil-based emulsion for
enhanced cytokine and antibody responses against multiple strains of HIV-1 following mucosal and
systemic vaccinations. Vaccine 29(13): 2429-36.

Zvandasara, P., J. W. Hargrove, R. Ntozini et al.; ZVITAMBO Study Group. (2006). Mortality and morbid-
ity among postpartum HIV-positive and HIV-negative women in Zimbabwe: risk factors, causes, and
impact of single-dose postpartum vitamin A supplementation. Journal of Acquired Immune Deficiency
Syndromes 43(1): 107-16.


http://apps.who.int/iris/bitstream/10665/128048/1/9789241507431_eng.pdf?ua=1&ua=1
http://www.who.int/gho/hiv/en/
http://apps.who.int/iris/bitstream/10665/128048/1/9789241507431_eng.pdf?ua=1&ua=1

2 B-Vitamins and HIV/AIDS

Alexander J. Layden and Julia L. Finkelstein

CONTENTS
INEEOAUCHION ...ttt sttt e 28
B-VITAIMINS ..ot 28
B-Vitamins and Immune FUNCHON ...........coooiiiiiiiiiiiiiiiiicceeeeee e 28
B-Vitamins and HIV/AIDS: Evidence from Observational Studies ..........c.ccccccvevveiiininininnnn. 28
Vitamin By, Vitamin B,,, and Folate...........cccoooviiiiniiiiniiiiicicccseeeeceeee e 29
Other B-VILAIMINS ....c.cooiiiiiiiiiiiiiieiceccceeee ettt 29
ODJECLIVES ..ttt ettt ettt b ettt s bt et s b e et s bt et e bt eab e bt e st e bt et e bt et eat et eaeenaeeaeen 30
Methods: Search Strategy and Selection ProCess ..........cccccveireriirieniiiiinieienieieeeeeeeesee e 30
B-Vitamin Biomarkers ..........cccooiiiiiiiiiiiiiiiiiiicce e 30
HIV-Related OULCOMES ......cc.eouiiuiriiiiiiieieieiieieteiee ettt sttt 31
LItErature REVIEW ......cciiuiiiiiiiiiiiiiiicicccce et e 32
Search Strate@y RESULLS......cc.coiiiiiiiiiiieieee ettt st 32
Randomized Trials of Multiple Micronutrient Supplementation............c..ceceeeeeveeneniencrneenennne. 32
HIV-Related OULCOMES ........ceeuiiiriiiiiiiiiiiniiieietcieetet ettt 32
HIV Disease Progression and AIDS-Related Mortality .........c.ccecevveeienienienieneneeneneeneenne. 33
HIV Viral Load and Viral Shedding ...........coccooeriiiiniiiiniiiieienceeeeeeeeeee e 73
IMMmUNOlOZICAl FACLOTS ......couiiiiiiiiiiiriiiiieitec ettt 73
Hematolo@ical STAtUS. .....c..eiiiiirieieritete ettt ettt et 74
COMOIDIAILIES ...ttt ettt 74
Perinatal OULCOMES ........c.oooieuiiiiiiiiiiiiiiiie sttt 74
Maternal QULCOIMES .......c.eeuiiiiiiiiiierteieiet ettt ettt sttt st ea e 74
Pregnancy OULCOIMES .....cc..evuiiiiriieieniieie ettt ettt ettt ettt sttt sb et st ae bt saesaeesaeeaees 75
Lactation PEriod .........ccoeiiiiiiiiiiiiiiicicicicccee e 75
Child OULCOMIES.......euiiiiiiieiieiiecct ettt st 76
HIV Transmission and MOTtality.........cccoeceeririiniiiiniiieneeieieeteseeeeee et 76
Infections and Vaccine RESPONSE .......cccuevueeriiriiiniiiiiiiiienieceieeteeee et 76
Anthropometry and GrOWEh .........ccooiiiiiiiiiiiii et 77
Cognitive and Psychomotor Development ...........coccveeiererieninienieiineeieeeeieeecee e 78
Hematolo@ical STALUS. .....c..eiuiiiirieieeiieie ettt ettt ettt 78
Folic Acid and Vitamin B, Supplementation ..........cc.ccoceevuerieienienienieienieieeeeseeeenee et 78
Randomized Trials of Single Micronutrient Supplementation...........coccecueeeenereenenienenneenennne. 78
Folic Acid SUpplementation ............coceeverieriirieniiieneeiesie ettt st 79
NIaCIn SUPPICIMENTALION ...ovveitiiiiiiieiieie ettt ettt ettt et et sae e 79
DISCUSSION ...ttt ettt sttt et 81
RESEAICH GAPS ...ttt ettt et ettt sttt et 82
Study Design—B-Vitamin Supplementation .............ccccoeeiererriineiniineeneneeneseene e 82
B-Vitamin Biomarkers ..........ccooiiiiiiiiiniiiiiiiiiic e 82
GENETAlIZADIIILY ...ouveiiieiiiiieiieeet ettt et 82
Micronutrient Supplementation in the Context of Antiretroviral Therapy.......cccccoceeveererencnnne. 82
Implications for Clinical Care and Public Health Practice ..........ccccocveviniiiiiniininiiniiicnciicncee, 83
RELETEICES ...ttt e 83

27



28 Nutrition and HIV: Epidemiological Evidence to Public Health

INTRODUCTION

B-VITAMINS

B-vitamins are a class of water-soluble micronutrients that are required for cell metabolism. These
include thiamin (vitamin B,), riboflavin (vitamin B,), niacin (vitamin B;), pantothenic acid (vitamin
B;), pyridoxine (vitamin By), biotin (vitamin B,), folate (vitamin B,), and vitamin B,,. B-vitamins
serve as cofactors in the metabolism of amino acids, fatty acids, and sugars, as well as the syn-
thesis and methylation of DNA (McCormick et al., 1999; Powers, 2003; Kamanna and Kashyap,
2008; Stover, 2009; Allen, 2012; Combs, Jr., 2012). In particular, folate, vitamin B, and vitamin
B,, are required in one-carbon metabolism, including de novo purine biosynthesis and production
of S-adenosyl methionine, the universal methyl donor required in over 100 methylation processes
(Stover, 2009; Finkelstein et al., 2015). Requirements for B-vitamins are increased during periods
of rapid growth and development, including during pregnancy and early childhood (Stover, 2009;
Finkelstein et al., 2015).

B-vitAMINS AND IMMUNE FuNcCTION

B-vitamins are required for innate and adaptive immunity and the maintenance of processes under-
lying immune function. For example, folate, vitamin B, and vitamin B,, are important for lympho-
cyte maturation and proliferation, T-cell cytotoxicity, and protection against oxidative stress (Dhur
et al., 1991; Gay and Meydani, 2001). In observational studies among patients with megaloblastic
anemia, intramuscular vitamin B, injections restored CD8 T-cell counts, total leukocyte counts, and
natural killer cell activity (Tamura et al., 1999; Erkurt et al., 2008), and folic acid supplementation
improved cell-mediated immunity (Gross et al., 1975). Another study found that increased dietary
intake of vitamin B, was associated with elevated lymphocyte proliferation (Kwak et al., 2002).
During elevated interferon-gamma (IFN-y) activity, riboflavin and vitamin B, may be depleted,
given the role of these nutrients as cofactors for tryptophan catabolism, a metabolic process that is
increased during IFN-y-mediated immune activity (Christensen et al., 2012; Theofylaktopoulou et
al., 2014). Few studies have been conducted to investigate the associations of other B-vitamins and
immune function.

B-vitamiNs AND HIV/AIDS: EVIDENCE FROM OBSERVATIONAL STUDIES

B-vitamin deficiencies are common in HIV-infected individuals and have been associated with
increased risk of HIV disease progression and adverse health outcomes in observational studies.
HIV disease may itself contribute to the etiology of certain B-vitamin deficiencies through a num-
ber of potential mechanisms, such as gut epithelial damage (Brenchley and Douek, 2007), infection
of marrow stromal cells (Koka et al., 1999), impaired hematopoietic progenitor cell growth (Moses
et al., 1996), and bone marrow pathologies, autoimmune hemolysis, and intestinal blood loss (Coyle,
1997; Kreuzer and Rockstroh, 1997; Sullivan et al., 1998). For example, riboflavin, folate, and vita-
min B, are absorbed across the villi of enterocytes through carrier-mediated transport (Sundaram,
2000; Milman, 2012; Finkelstein et al., 2015); damage to the intestinal lining and changes in lumen
pH caused by the acute phase of HIV infection and chronic inflammation reduce the efficacy of gut
absorption, which may result in these deficiencies.

Conversely, B-vitamins, such as vitamin B, folate, and vitamin B,,, could influence HIV disease
progression via restoration of lymphocyte counts and promotion of lymphocyte maturation. Vitamin
Bq, folate, and vitamin B, are critical methyl donors or coenzymes in one-carbon metabolism, a
process necessary for DNA de novo synthesis (McCormick and Chen, 1999; Powers, 2003; Stover,
2009; Finkelstein et al., 2015); inadequate concentrations of these nutrients could hamper proper
DNA synthesis for CD4+* lymphocytes, a primary host target of HIV. HIV promotes apoptosis of
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host cells through over-activation of the pro-apoptotic proteins p53 and capsase 3 (Lwong and
Nguyé n, 2013). Animal studies report that thiamin treatment may reduce the activity of p53 and
capsase 3, suggesting a protective role of thiamin against HIV-induced cell apoptosis (Lwong and
Nguyén, 2013). To date, however, there is limited evidence of the role of niacin, biotin, and panto-
thenic acid in HIV infection or disease progression. Several observational human studies have been
conducted to examine the associations between B-vitamins and HIV/AIDS, although the potential
mechanisms have not been elucidated.

Vitamin B, Vitamin B,,, and Folate

Inadequate status or intake of vitamin B, vitamin B,, and folate have been associated with
increased HIV disease progression in several studies, including the Multicenter AIDS Cohort Study
(MACS), the first and largest study to date of the natural history of AIDS (Tang et al., 1993, 1996,
1997). Among men having sex with men (MSM), lower serum vitamin B,, (<120 pmol/L vs. 2120
pmol/L) was associated with increased risk of HIV disease progression to AIDS by 9 years follow-
up (RR, 1.89; 95% CI, 1.15-3.10; p < 0.05); neither impaired serum vitamin B, (<88 nmol/L) nor
folate (<3.4 nmol/L) status was associated with AIDS progression (Tang et al., 1997). In the same
MACS cohort, men with higher dietary intake of vitamin B, (i.e., 2 times the RDA level) had a
reduced risk of AIDS-related mortality (relative hazard [RH], 0.60; 95% CI, 0.39-0.93; p < 0.05)
compared to men with lower intake (i.e., <2 times the RDA level) (Tang et al., 1996). In a cohort of
antiretroviral therapy (ART)-naive, HIV-infected homosexual men, individuals who became vita-
min B,,-deficient (plasma vitamin B, < 200 pg/mL) during the 18-month follow-up period had a
significant decrease in CD4 T-cell counts (p = 0.038) (Baum et al., 1995).

HIV may also impair B-vitamin absorption or metabolism. Case-control studies from Rwanda
and Brazil found that HIV-infected individuals had lower serum vitamin B, and plasma folate
concentrations compared to healthy HIV-uninfected controls (Masaisa et al., 2011; Deminice et
al., 2013). A cross-sectional study of patients with AIDS found that 87% (n = 13/15) had impaired
vitamin B,, absorption (i.e., <7% absorption by the Shillings test) (Goodgame et al., 1995). Another
study found that 35.8% of patients with AIDS (including CD4 T-cell counts < 200 cells/mL) had
impaired vitamin B,, absorption (i.e., <30 mg/dL of p-xylose) (Knox et al., 2000).

Evidence regarding the associations between B-vitamins and HIV/AIDS among individuals
receiving antiretroviral therapy has been limited and conflicting. A study in Spain found that HIV-
infected adults who received highly active antiretroviral therapy (HAART) for at least three months
had a significantly lower prevalence of vitamin B,, insufficiency (serum vitamin B,, < 200 pmol/L;
8.7% vs. 27%; p < 0.0001) and folate insufficiency (erythrocyte folate < 580 nmol/L; 10.3% vs. 22%;
p < 0.0001) compared to HAART-naive, HIV-infected adults (Remacha et al., 2003). However,
another study among asymptomatic HIV-infected adults reported that longer HAART duration was
correlated with lower plasma vitamin B, (r = -0.62; p < 0.05) and folate (r = —0.39; p < 0.05)
concentrations (Deminice et al., 2013). Among HIV-infected adults from the Nutrition for Healthy
Living (NFHL) cohort, patients who took a protease inhibitor (PI) from baseline to follow-up (mean
= six months) had smaller changes in serum vitamin B,, (+0.12 pg/mL) concentrations for each pg/
day increase in the dietary intake of vitamin B,, compared to non-PI users (+1.06 pg/mL; p < 0.05)
(Woods et al., 2003). However, patients taking PIs had overall higher median serum vitamin B,
concentrations at baseline compared to non-PI users (median [interquartile range, IQR]: 491 pg/mL
[82-667] vs. 462 pg/mL [369-617]; p = 0.0077) (Woods et al., 2003).

Other B-vitamins

Limited data are available regarding the role of other B-vitamins in the context of HIV/AIDS,
including thiamin, riboflavin, niacin, pantothenic acid, or biotin. In a study among homosexual
men in Florida, HIV-infected individuals had significantly lower mean riboflavin concentrations,
as defined by erythrocyte glutathione reductase activity (activity coefficient, 1.19 + 0.14 vs. 1.37 +
0.20; p < 0.0001) compared to HI'V-uninfected controls (Beach et al., 1992). Several observational
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studies have examined the associations of dietary intake of B-vitamins and HIV-related outcomes,
with conflicting results. As part of the MACS of men who have sex with men (MSM), individuals
who had higher dietary intake of thiamin (>4.9 vs. <2.4 mg/day; relative hazard [RH], 0.60; 95%
CI, 0.36-0.98; p < 0.05) and niacin (>61.0 vs. < 61.0 mg/day; RH, 0.52; 95% CI, 0.31-0.86; p < 0.05)
at baseline had a lower rate of HIV disease progression to AIDS during follow-up (median = 6.8
years) (Tang et al., 1993). Similarly, men who consumed at least five times the recommended dietary
allowance (RDA) levels of thiamin (RH, 0.61; 95% CI, 0.38-0.98; p < 0.05) or riboflavin (RH, 0.60;
95% CI, 0.37-0.97; p < 0.05) had significantly lower risk of AIDS-related mortality (RH, 0.61; 95%
CI, 0.38-0.98; p < 0.05) compared to men with lower intake (i.e., <5 times the RDA level) (Tang
et al., 1996). Other observational studies have reported no significant differences in the dietary
intake of thiamin or riboflavin in HI'V-infected women compared to HIV-uninfected women (Addo
et al., 2011) and no significant associations between dietary intake of thiamin, riboflavin, or niacin
and HIV disease progression to AIDS at 6 years follow-up (Abrams et al., 1993). In a study among
children and young adults (1 to 25 years old), HIV-infected individuals had mean suboptimal intake
of folate and pantothenic acid compared to the RDA cutoffs (both p < 0.0001) (Ziegler et al., 2014).

OBJECTIVES

Findings from observational studies to date suggest that B-vitamin deficiencies are common in HI'V-
infected populations and are associated with increased risk of adverse health outcomes. Several ran-
domized clinical trials have been conducted to examine the effects of B-vitamins (as the B-complex
or single nutrients) on HIV-related health outcomes. The objective of this review is to examine the
evidence that links B-vitamins and HIV/AIDS, with an emphasis on randomized trials. We examine
the efficacy and safety of B-vitamin supplementation (i.e., B-complex or single vitamin) on health
outcomes in HIV-infected individuals, including mortality, HIV disease progression, anemia and
B-vitamin status, adverse pregnancy outcomes, and child growth, morbidity, and development. We
then discuss research gaps and implications of findings for clinical care and public health practice,
with an emphasis on resource-limited settings.

METHODS: SEARCH STRATEGY AND SELECTION PROCESS

A structured literature search was conducted using MEDLINE® electronic databases. Relevant
Medical Subject Heading (MeSH®) terms were used to identify published studies through February
14, 2015. The MeSH terms used are included in Figure 2.1, in which the search strategy is sum-
marized. Initial inclusion criteria for this review were the availability of an abstract and inclusion
of data on B-vitamin intake, status, or supplementation and HIV/AIDS. The following B-vitamins
were included in this review: vitamin B, (thiamin), vitamin B, (riboflavin), vitamin B; (niacin), vita-
min B (pantothenic acid), vitamin B, (pyridoxine), vitamin B, (biotin), vitamin B, (folate), and vita-
min B,, (cobalamin).

B-Vitamin Biomarkers
Biomarkers for the following B-vitamins were included in this review:

e Vitamin B,—Whole blood thiamin and thiamin pyrophosphate

e Vitamin B,—Erythrocyte, plasma, and whole blood riboflavin

e Vitamin B,—Whole blood, serum, and plasma niacin and niacinamide

* Vitamin B;—Whole blood, serum, and plasma pantothenic acid and pantothenate

e Vitamin B,—Whole blood, serum, and plasma pyridoxine 5”-phosphate (PNP), pyridox-
ine, pyridoxal 5-phosphate (PLP), pyridoxal, pyridoxamine 5’-phosphate (PMP), and
pyridoxamine
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| 1567 Articles | 1337 studies excluded

161 missing abstracts
201 reviews/meta-analyses
79 case reports
565 lab studies
67 non-human studies
223 missing data on B vitamins
8 missing data on HIV
14 missing data on B vitamins and HIV
19 other (editorial/commentary)

| 230 Articles | 109 studies excluded

2 reviews
1 lab study
22 missing data on B vitamins
8 missing data on HIV
74 no B vitamin/HIV association
2 editorial/commentary

| 121 Articles | 85 studies excluded

34 case control
21 cohort
30 cross-sectional

Additional
interventions: 11

Interventions: 47

FIGURE 2.1 Diagrammatic representation of the search strategy used to identify and select studies for inclu-
sion in the review.

e Vitamin B,—Whole blood, serum, and plasma biotin

* Vitamin B, (folate)—Serum, plasma, and erythrocyte folate

e Vitamin B,,—Serum and plasma total vitamin B,,, methylmalonic acid (MMA), total
homocysteine (tHcy), and holotranscobalamin (holoTC).

HIV-Related Outcomes

HIV-related outcomes included all-cause and AIDS-related mortality, World Health Organization
(WHO) HIV stage disease progression, opportunistic infections, CD4 and CDS8 T-cell counts, HIV
RNA viral load, and HIV viral shedding. Perinatal outcomes evaluated included the following:

* Maternal outcomes—Weight gain during pregnancy, anemia and B-vitamin status, pre-
eclampsia, and depression during pregnancy

* Pregnancy outcomes—Miscarriage (<28 weeks gestation), stillbirth (>28 weeks gestation),
fetal loss (miscarriage or stillbirth), gestational age at delivery, preterm birth (<37 weeks
gestation), birthweight, low birthweight (<2500 g), small-for-gestational age (SGA; birth-
weight < 10th percentile for gestational age), mother-to-child transmission of HIV, breast
milk micronutrient composition, and mastitis

e Infant outcomes—HIV infection; co-infections and clinical symptoms (i.e., measles,
respiratory infections, diarrhea, malaria); anthropometry and growth (i.e., weight, length,
head circumference, and mid-upper arm circumference), including weight for age (WAZ),
weight for length (WLZ), and length for age (LAZ) WHO z-scores (underweight, WAZ <
—2; wasting, WLZ < -2; stunting, LAZ < -2); cognitive and psychomotor development; and
anemia and B-vitamin status.
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Available abstracts of all studies were searched, full-text articles were extracted and reviewed,
and the following inclusion criteria were applied: (1) human studies; (2) HIV-infected individuals;
and (3) availability of data on B-vitamin status, intake, or supplementation, on HIV/AIDS, and
on the association between B-vitamins and HIV/AIDS. All randomized trials and interventions
and quasi-randomized and uncontrolled trials meeting participant and methodological criteria were
included. Sources were retrieved, collected, indexed, and assessed for B-vitamin supplementation
and HIV-related data. Bibliographies of published studies and manual searches of related articles in
references were used to identify additional sources. An additional search was conducted to identify
review articles, which were examined to cross-reference other relevant studies. A standardized table
was used to extract and organize key information from experimental studies that met the above-
mentioned criteria. Extracted data included publication date, authors, study design, setting, target
population, micronutrient supplement type and composition, definition of outcomes, main findings,
and limitations.

LITERATURE REVIEW

SEARCH STRATEGY RESuLTS

The structured literature search resulted in 1567 articles. After 1337 articles were excluded (n =
161 missing abstracts, n = 201 reviews or meta-analyses, n = 79 case-reports, n = 565 laboratory
studies, n = 67 non-human studies, n = 223 missing data on B-vitamins, n = 8 missing data on HIV,
n = 14 missing data on the associations between B-vitamins and HIV, and n = 19 editorials or com-
mentaries), 230 full-text articles were extracted for further review. After excluding 109 articles that
did not meet inclusion criteria (n = 2 review, n = 1 laboratory study, n = 22 studies missing data on
B-vitamins, n = 8 missing data on HIV, n = 74 missing data on the associations between B-vitamins
and HIV, n = 2 editorial or commentary, and n = 5 full-text not available) and an additional 85
observational studies (n = 30 cross-sectional, n = 34 case-control, and n = 21 cohort studies), a
total of 36 randomized trials or other types of intervention studies were included in this review. An
additional 11 research articles were identified from references of included studies, for a total of 47
articles. The structured literature search was summarized in Figure 2.1, and micronutrient supple-
mentation trial study design (Table 2.1) and findings are summarized in detail in Tables 2.2 and 2.3.

RANDOMIZED TRIALS OF MULTIPLE MICRONUTRIENT SUPPLEMENTATION

A total of 38 articles reported the effects of multiple-micronutrient supplementation (including
B-vitamins) on health outcomes in HI V-infected individuals. Twenty of these articles came from the
same study, the Trial of Vitamins (TOV) (Principal Investigator: Fawzi). The micronutrient inter-
ventions evaluated in these randomized trials were daily oral supplements containing B-vitamins
(i.e., thiamin, riboflavin, niacin, vitamin By, folic acid, and vitamin B,,) in combination with other
vitamins and minerals. The dose of specific micronutrients varied by trial. HIV-related outcomes
included mortality, HIV disease progression, anemia and B-vitamin status, and co-morbidities;
pregnancy outcomes; and pediatric micronutrient status, morbidity, growth, and development.
Findings from these micronutrient supplementation trials are summarized in detail in Table 2.2.

HIV-ReLATED OUTCOMES

Micronutrient supplementation with B-vitamins in combination with other vitamins and minerals
has been associated with improved HIV-related outcomes in several randomized trials. B-vitamin
supplementation decreased the risks of HIV disease progression and AIDS-related death (Jiamton
et al., 2003; Fawzi et al., 2004b) and increased CD4 T-cell counts (Fawzi et al., 1998; Baum et al.,



B-Vitamins and HIV/AIDS 33

2013) in randomized trials in both pregnant and non-pregnant HIV-infected women. Daily supple-
mentation with B-vitamins also reduced the risk of HIV-related opportunistic infections, weight
loss, and anemia in trials in HIV-infected pregnant women (Villamor et al., 2005b; Fawzi et al.,
2007; Villamor et al., 2008; Olofin et al., 2014).

HIV Disease Progression and AIDS-Related Mortality

Several randomized trials have been conducted to examine the effects of micronutrient supplemen-
tation on HIV disease progression using the WHO HIV disease stage classifications (1 to 4) and
AIDS-related mortality. The Trial of Vitamins (TOV), a randomized trial among HIV-infected,
ART-naive pregnant women (12 to 27 weeks gestation) in Tanzania, was conducted to determine
the effects of maternal multivitamin supplementation on HIV disease progression, mother-to-child
transmission (MTCT) of HIV, and adverse pregnancy outcomes among HIV-infected pregnant
women and their children. In this randomized, double-blind, placebo-controlled trial, 1078 HIV-
infected pregnant women were enrolled at 12 to 27 weeks gestation and randomized to receive
one of four regimens daily: (1) vitamin A alone, (2) multivitamins (B-complex, C, and E) alone,
(3) vitamin A and multivitamins, (4) or placebo, using a 2 X 2 factorial design. The multivitamin
supplement included B-complex, C, and E vitamins in doses 6 to 10 times the RDA levels (multivi-
tamins: 20 mg vitamin B, 20 mg vitamin B,, 100 mg niacin, 25 mg vitamin B, 0.8 mg folic acid,
50 pg vitamin B,,, 500 mg vitamin C, and 30 mg vitamin E). The vitamin A intervention consisted
of 5000 IU of vitamin A and 30 mg of B-carotene daily, with an additional 200,000 TU of vitamin
A administered to women at delivery. Micronutrient supplementation with B-complex, C, and E
vitamins did not significantly reduce the risk of HIV disease progression to AIDS or AIDS-related
death (WHO stage 4; RR, 0.80; 95% CI, 0.64-1.01; p = 0.06) compared to receiving no multivi-
tamins (Fawzi et al., 2004b). In the same trial, multivitamin supplementation reduced the risk of
AIDS-related conditions, including oral ulcers (p < 0.001), angular cheilitis (p < 0.001), difficult
or painful swallowing (p < 0.001), dysentery (p = 0.03), and fatigue (p = 0.007) during follow-up
(median = 60 months) compared to no supplementation (Fawzi et al., 2004b).

Another randomized trial, Trial of Vitamins and HAART in HIV Disease Progression (TOV3)
(Principal Investigator: Fawzi), was conducted to examine the effects of daily multivitamins at 6
to 10 times the RDA level (using the same B-complex, C, and E vitamin doses as TOV) compared
to the single RDA level (i.e., 1.2 mg vitamin B, 1.2 mg vitamin B,, 15 mg niacin, 1.3 mg vitamin
By, 2.4 pg vitamin B,,, 0.4 mg folic acid, 80 mg vitamin C, and 15 mg vitamin E) on HIV progres-
sion and immune reconstitution among HIV-infected adult men and women initiating HAART in
Tanzania (Isanaka et al., 2012). In contrast to the aforementioned TOV, multivitamin supplementa-
tion with B-complex, C, and E vitamins at multiple RDA levels did not significantly reduce the risk
of HIV disease progression or AIDS-associated mortality, compared to multivitamins provided at
the single RDA level (p > 0.10) (Isanaka et al., 2012).

Similarly, a randomized trial in Thailand (Principal Investigator: Jaffar) was conducted to assess
the effects of daily micronutrient supplementation on the risks of hospital admission and mortality
among HIV-infected adult men and women (Jiamton et al., 2003). HIV-infected adults were ran-
domized to a daily multivitamin supplement (multivitamin: 24 mg vitamin B,, 15 mg vitamin B,, 40
mg pantothenic acid, 40 mg vitamin B, 30 ug vitamin B,,, 100 pg folacin, 3000 pg vitamin A, 6 mg
B-carotene, 20 ug vitamin D, 80 mg vitamin E, 180 pg vitamin K, 400 mg vitamin C, 10 mg iron,
200 mg magnesium, 8 mg manganese, 30 mg zinc, 300 pg iodine, 3 mg copper, 400 pg selenium,
150 pg chromium, and 66 mg cysteine) or a placebo for 100 days. Multivitamin supplementation
did not significantly reduce the risk of all-cause mortality (p = 0.10) compared to placebo (Jiamton
et al., 2003). When participants were stratified by baseline CD4 T-cell counts (<200 x 10° cells/L),
multivitamin supplementation significantly reduced the risk of death (hazard ratio [HR], 0.37; 95%
CI, 0.13-1.06; p = 0.0052) among individuals with lower CD4 T-cell counts compared to placebo
(Jiamton et al., 2003).
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HIV Viral Load and Viral Shedding

Evidence regarding the effects of multivitamin supplementation on circulating HIV RNA viral load
has been conflicting. In TOV, HIV-infected, ART-naive pregnant women who received daily multi-
vitamin supplementation at multiple RDA levels (containing 20 mg of vitamin B,, 20 mg vitamin B,,
25 mg vitamin B¢, 100 mg niacin, 50 pg vitamin B,,, and 0.8 mg folic acid) had significantly lower
mean HIV-1 viral load (-0.11 log; p = 0.05) during follow-up (median = 71 months) compared to no
multivitamin supplementation (Fawzi et al., 2004a). However, in other randomized trials in HIV-
infected adults or patients co-infected with HIV and tuberculosis (TB), multivitamin supplementa-
tion had no significant effects on HIV RNA viral load (p > 0.05) (Jiamton et al., 2003; Villamor et
al., 2008; Baum et al., 2013). For example, in TOV3, among HIV-infected adults initiating HAART
in Tanzania, B-complex, C, and E vitamin supplementation at multiples of the RDA level did not
significantly reduce plasma HIV-1 viral load concentrations compared to multivitamins at the single
RDA level (p = 0.66) (Isanaka et al., 2012). Findings regarding the effects of B-vitamin supple-
mentation on HIV vaginal viral shedding have been divergent (Fawzi et al., 2004a; McClelland et
al., 2004; Villamor et al., 2010). In a randomized trial in Mombasa, Kenya (Principal Investigator:
McClelland), the effects of micronutrient supplementation on the risk of vaginal infections were
examined among HIV-I-infected, ART-naive nonpregnant women (McClelland et al., 2004). Daily
micronutrient supplementation (20 mg vitamin B,, 20 mg vitamin B,, 100 mg niacin, 25 mg vitamin
Bg, 50 pg vitamin B,,, 0.8 mg folic acid, 500 mg vitamin C, 30 mg vitamin E, and 200 pg selenium)
for six weeks resulted in twofold greater odds of vaginal shedding of HIV-1 infected cells (adjusted
odds ratio [AOR], 2.50; 95% CI, 1.40—4.40; p = 0.001) at six weeks of follow-up compared to placebo,
after adjusting for baseline number of vaginal and cervical HIV-1 infected cells, vaginal and cervical
HIV-1 RNA copies (log,, copies/swab), and body mass index (McClelland et al., 2004). However,
there were no significant changes in plasma HIV-1 viral load (p = 0.80) (McClelland et al., 2004).

Immunological Factors

Findings regarding the effects of multivitamin supplementation on immunological factors have been
conflicting. In the TOV, HIV-infected, ART-naive pregnant women who received daily multivitamin
supplementation (B-complex, C, and E vitamins at multiple RDA levels) had significantly greater
mean increases in CD4 T-cell counts from baseline (12 to 27 weeks gestation) to six weeks postpar-
tum (mean [SD]; +167 [210] vs. +112 [268] cells; p < 0.001) and 30 weeks postpartum (+99 [208] vs.
+59 [167] cells; p = 0.003); CD8 T-cell counts from baseline to six weeks postpartum (+385 [450]
vs. +289 [404] cells; p = 0.001); and CD3 T-cell counts from baseline to six weeks postpartum (+585
[648] vs. +411 [559] cells; p < 0.001) and 30 weeks postpartum (+345 [493] vs. 4254 [475] cells; p =
0.02) compared to women who did not receive multivitamin supplements (Fawzi et al., 1998).

In a randomized trial in Botswana (Principal Investigator: Baum), the effects of multivitamin or
selenium supplementation on immune function and time of progression to AIDS or mortality were
examined among ART-naive, HI V-infected adults (Baum et al., 2013). Adults were randomized to
receive daily supplements of (1) multivitamins alone, (2) selenium alone, (3) multivitamins and sele-
nium, or (4) a placebo in a 2 x 2 factorial design and were followed for 24 months. Adults receiving a
multivitamin supplement (20 mg thiamin, 20 mg, riboflavin, 100 mg niacin, 25 mg vitamin B, 50 pug
vitamin B,,, 800 g folic acid, 500 mg vitamin C, and 30 mg vitamin E) had a significantly decreased
risk of having low CD4 T-cell counts (<250 cells/uL; HR, 0.54; 95% CI, 0.30-0.98; p = 0.04) during
the 24 months of follow-up compared to the placebo group (Baum et al., 2013). However, in other ran-
domized trials among ART-naive, HIV-infected adults, with or without TB co-infection, there were
no significant effects of multivitamin supplementation on mean CD4, CD8, or CD3 T-cell counts (p
> 0.05) compared to the placebo group (Jiamton et al., 2003; Villamor et al., 2008). Further, in TOV3,
the aforementioned trial among HIV-infected adults initiating HA ART, multivitamins at multiples of
the RDA level did not significantly change CD4 T-cell counts from baseline to 24 months of follow-
up compared to multivitamins at the single RDA level (Isanaka et al., 2012).
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Hematological Status

To date, only one randomized trial has evaluated the effects of B-vitamin supplementation on
hematologic status in HIV-infected individuals. In the aforementioned TOV, HIV-infected preg-
nant women receiving multivitamin supplementation (B-complex, C, and E vitamins at multiple
RDA levels) during pregnancy had significantly higher mean hemoglobin concentrations within the
first 70 days postpartum (p = 0.0002), at two years of follow-up (p = 0.001), and at four years of
follow-up (p = 0.01) compared to women who did not receive multivitamin supplements (Fawzi et
al., 2007). However, there were no significant effects of multivitamins on the risk of anemia (Hb <
11.0 g/dL), microcytic anemia (hypochromasia > 1 or presence of microcytic cells), or macrocytic
anemia (presence of any macrocytic cells) compared to no multivitamins (p > 0.05).

Comorbidities

In the TOV study, maternal multivitamin supplementation (B-complex, C, and E vitamins at mul-
tiple RDA levels) during pregnancy was associated with significantly lower risk of clinically diag-
nosed malaria (RR, 0.78; 95% CI, 0.67-0.92; p = 0.003) but also with increased risk of malaria
parasitemia being detected in blood films (RR, 1.24; 95% CI, 1.02-1.50; p = 0.03) compared to
no multivitamin supplementation (Olofin et al., 2014). In a randomized trial among patients with
pulmonary TB (with or without HIV co-infection) (Principal Investigator: Fawzi), investigators
examined the effects of multivitamin supplementation on TB sputum conversion, relapse, reinfec-
tion, and survival (Villamor et al., 2008). Adults with pulmonary TB on anti-tuberculosis treatment
were randomized to receive a daily micronutrient (20 mg vitamin B, 20 mg vitamin B,, 100 mg
niacin, 25 mg vitamin B, 0.8 mg folic acid, 50 pg vitamin B,,, 5000 IU retinol, 500 mg vitamin C,
200 mg vitamin E, and 100 pg selenium) or a placebo throughout follow-up (median = 43 months),
stratified by HIV co-infection. Among participants with HIV/TB co-infection at baseline, daily
multivitamin supplementation reduced the risk of tuberculosis reoccurrence at the end of follow-up
(RR, 0.37; 95% (I, 0.15-0.92; p = 0.02) compared to the placebo group (Villamor et al., 2008). An
additional analysis from the same trial found no effects of multivitamin supplementation on lym-
phocyte proliferation to T-cell antigens (p > 0.10) in HIV/TB co-infected individuals compared to
the placebo (Kawali et al., 2014).

PERINATAL OUTCOMES

Several randomized trials have been conducted among HIV-infected pregnant women to exam-
ine the effects of daily B-vitamin supplementation on maternal, pregnancy, and infant outcomes.
Multivitamin supplementation including B-vitamins may decrease the risk of maternal preeclamp-
sia (Merchant et al., 2005), increase maternal weight gain during pregnancy (Villamor et al., 2008),
and reduce the risk of adverse pregnancy outcomes, including miscarriage, fetal loss, preterm birth,
low birthweight, and small-for-gestational age (Fawzi et al., 1998). Prenatal multivitamin supple-
mentation may also increase breast milk (Webb et al., 2009) and infant serum or plasma (Baylin et
al., 2005) micronutrient concentrations.

Maternal Outcomes

Several papers published from the TOV study focused on the effects of multivitamin supplemen-
tation (B-complex, C, and E vitamins at multiple RDA levels) during pregnancy on the risks of
adverse perinatal outcomes in HIV-infected, ART-naive women in Tanzania. Daily multivitamin
supplementation significantly reduced the risk of low maternal weight gain (<25th percentile) (RR,
0.73; 95% C1, 0.58-0.93; p = 0.01) and weight loss (RR, 0.69; 95% CI, 0.50-0.95; p = 0.02) during the
third trimester compared to receiving no multivitamins; however, findings were not significant over
the entire course of pregnancy (Villamor et al., 2002). In a subset of participants (n = 955) who were
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normotensive and had blood samples available at baseline from the same trial, women receiving a
multivitamin had a lower risk of hypertension (systolic pressure > 140 mmHg or diastolic pressure
> 90 mmHg) during pregnancy (RR, 0.62; 95% CI, 0.40-0.94; p = 0.03) compared to receiving no
multivitamins (Merchant et al., 2005). Similarly, in the TOV study, HIV-infected pregnant women
receiving multivitamins had a lower risk of depressive symptoms (Hopkins Symptom Checklist
score > 1.06; RR, 0.78; 95% CI, 0.66-0.92; p = 0.005) and decreased the risk of scoring in the low-
est quartile for various psychosocial dimensions of health-related quality of life, including physical
functioning (RR, 0.76; 95% CI, 0.63-0.90; p = 0.002), role-physical (RR, 0.70; 95% CI, 0.57-0.88;
p = 0.002), bodily pain (RR, 0.81; 95% CI, 0.69-0.95; p = 0.008), general health (RR, 0.77; 95%
CI, 0.66-0.90; p = 0.0007), vitality (RR, 0.72; 95% CI, 0.61-0.84; p = 0.0001), social functioning
(RR, 0.72; 95% CI, 0.59-0.88; p = 0.001), and mental health (RR, 0.82; 95% CI, 0.70-0.96; p = 0.01)
domains compared to women who did not receive multivitamins (Smith Fawzi et al., 2007).

Pregnancy Outcomes

The effects of daily multivitamin supplementation containing B-vitamins on the risks of adverse
pregnancy outcomes have been evaluated in several trials, including mother-to-child transmission
of HIV, miscarriage, stillbirth, fetal loss, gestational age at delivery, preterm birth, birthweight, low
birthweight, and small-for-gestational age. The safety and efficacy of micronutrient supplementa-
tion on perinatal outcomes in HIV-infected pregnant women are discussed in detail in Chapter 6 of
this volume.

In the TOV study, daily prenatal multivitamin supplementation significantly decreased the risks
of low birthweight (<2500 g; RR, 0.56; 95% CI, 0.38-0.82; p = 0.003), very low birthweight (<2000
g; RR, 0.42; 95% CI, 0.18-1.01; p = 0.05), and small-for-gestational age (RR, 0.57; 95% CI, 0.29—
0.82; p = 0.002) (Fawzi et al., 1998); severe preterm birth (<34 weeks gestation; RR, 0.61; 95% CI,
0.38—-0.96; p = 0.03); and fetal loss (RR, 0.59; 95% CI, 0.39—-0.91; p = 0.02) compared to receiving
no multivitamins (Fawzi et al., 1998, 2000). There were no significant effects of multivitamins on
the risks of other adverse pregnancy outcomes, including stillbirth (RR, 0.58; 95% CI, 0.33-1.02; p
= 0.05), miscarriage (RR, 0.66; 95% CI, 0.32-1.36; p = 0.26), or preterm birth (RR, 0.86; 95% CI,
0.68-1.10; p = 0.23) compared to no multivitamins (Fawzi et al., 1998, 2000).

A second randomized trial of multivitamin supplementation (TOV2) (Principal Investigator:
Fawzi), was conducted among ART-naive pregnant women (12 to 27 weeks gestation) in Tanzania
to determine the effects of multivitamin supplementation with B-complex, C, and E vitamins at
multiples of the RDA level (20 mg thiamin, 20 mg riboflavin, 100 mg niacin, 25 mg vitamin B, 0.8
g folic acid, 50 pg vitamin B,,, 500 mg vitamin C, 30 mg vitamin E) on the risk of adverse preg-
nancy outcomes compared to receiving multivitamins at the single RDA level (1.4 mg thiamin, 1.4
mg riboflavin, 18 mg niacin, 1.9 mg vitamin By, 0.4 g folic acid, 2.6 ug vitamin B,,, 70 mg vitamin
C, and 10 mg vitamin E). There were no significant effects of the higher dose multivitamins on the
risks of low birthweight (RR, 1.07; 95% CI, 0.70-1.62; p = 0.75), fetal death (RR, 1.00; 95% CI,
0.63-1.58; p = 0.99), preterm birth (RR, 1.04; 95% CI, 0.81-1.35; p = 0.73), SGA (RR, 1.30; 95%
CI, 0.89-1.90; p = 0.18), or perinatal death (RR, 0.75; 95% CI, 0.47-1.21; p = 0.25) compared to
multivitamin supplements at the single RDA level (Kawai et al., 2010a).

Lactation Period

The effects of daily multivitamin supplementation from pregnancy through two years postpartum
on micronutrient concentrations of breast milk and the risk of mastitis were examined in several
analyses in the TOV study. Daily multivitamin supplementation with B-complex, C, and E vitamins
increased the risk of subclinical mastitis (sodium-to-potassium ratio [Na:K] > 0.6; RR, 1.33; 95%
CI, 1.09-1.61; p = 0.005) and severe subclinical mastitis (Na:K > 1.0; RR, 1.75; 95% CI, 1.27-2.41; p
=0.0006) during lactation (from <2 weeks to >12 months postpartum) compared to no multivitamin
supplementation (Arsenault et al., 2010).
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CHiLp OUTCOMES

Randomized trials of B-vitamin supplementation have been conducted among HIV-infected preg-
nant women and children to examine the effects on mother-to-child HIV transmission, co-infec-
tions and clinical symptoms (i.e., measles, respiratory infections, and diarrhea), anthropometry
and growth (i.e., weight, length, head circumference, and mid-upper arm circumference), including
weight for age (WAZ), weight for length (WLZ), and length for age (LAZ) WHO z-scores (under-
weight, WAZ < -2; wasting, WLZ < -2; stunting, LAZ < -2); cognitive and psychomotor develop-
ment; and micronutrient status in children.

HIV Transmission and Mortality

The effects of maternal B-vitamin supplementation on the risk of MTCT of HIV was examined in
three analyses conducted within the TOV study. There were no significant effects of maternal mul-
tivitamin supplementation on the risk of HIV transmission at birth (RR, 1.54; 95% CI, 0.94-2.51;
p = 0.08), six weeks postpartum (RR, 1.17; 95% CI, 0.81-1.71; p = 0.39), or two years postpartum
(p > 0.05) compared to no multivitamin supplementation (Fawzi et al., 2000; Kawai et al., 2010b).
In overall analyses, maternal multivitamin supplementation did not significantly reduce the risk of
MTCT of HIV through breastfeeding (RR, 0.85; 95% CI, 0.61-1.19; p = 0.34) (Fawzi et al., 2002).
However, in analyses among a subgroup of women with lower immunological status (lymphocyte
counts < 1340 cells/mm?, lowest quartile), multivitamin supplementation significantly reduced
the risk of MTCT of HIV (RR, 0.37; 95% CI, 0.16—0.85; p = 0.02) compared to no multivitamin
supplementation (Fawzi et al., 2002). Similarly, among anemic women (Hb < 8.5 g/dL), multi-
vitamin supplementation reduced the risk of MTCT of HIV (RR, 0.48; 95% CI, 0.24-0.93; p =
0.03) compared to no multivitamin supplementation (Fawzi et al., 2002). Maternal multivitamin
supplementation was also associated with decreased risk of childhood mortality among female
children at two years of age (RR, 0.68; 95% CI, 0.47-0.97; p = 0.03; p-interaction = 0.04) (Fawzi
et al., 2000; Kawai et al., 2010b).

A randomized trial was conducted among children born to HIV-infected mothers (11%; n = 264)
(Principal Investigator: Fawzi, Childl) to determine the effects of multivitamin supplementation
on child morbidity and mortality (Duggan et al., 2012). Children were randomized to receive daily
B-vitamin supplementation (0.5 mg thiamine, 0.6 mg riboflavin, 4 mg niacin, 0.6 mg vitamin By,
130 pg folic acid, and 1 mg vitamin B,,, with dose doubled at 6 months of age) or a placebo from
6 weeks to 24 months of age. Daily pediatric B-vitamin supplementation was not associated with
lower risk of all-cause mortality in children (RR, 1.13; 95% CI, 0.88-1.14; p = 0.33) compared to the
placebo group (Duggan et al., 2012).

Similarly, a trial was conducted among HIV-infected children (1 to 5 years old) in Uganda
(Principal Investigator: Ndeezi) to examine the effects of multiple micronutrient supplementation
at two times the RDA level (1.2 mg vitamin B,, 1.2 mg vitamin B,, 1.6 mg niacin, 1.2 mg vitamin
Bg, 400 pg folate, 2.4 pg vitamin B,,, 800 ug vitamin A, 50 mg vitamin C, 400 IU vitamin D, 14
mg vitamin E, 60 pg selenium, 10 mg zinc, 800 pg copper, and 180 pg iodine) on child morbidity,
weight gain, and mortality compared to multivitamins at the single RDA level (Ndeezi et al., 2010).
Children who received the higher multivitamin dose daily for six months had no significant differ-
ences in the risk of mortality (5.90% vs. 6.70%; RR, 0.90; 95% CI, 0.50-1.50; p > 0.05) or mean
survival time (10.7 vs. 10.6 months; p = 0.64) compared to children who received multivitamins at
the single RDA level (Ndeezi et al., 2010).

Infections and Vaccine Response

Findings from randomized trials that examined the effects of maternal or child multivitamin
supplementation on the risk of pediatric respiratory and diarrheal infections have been heteroge-
neous. In the TOV study, children born to HIV-infected mothers who received daily multivitamin
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supplementation (B-complex, C, and E vitamins at multiple RDA levels) had lower risks of all-cause
diarrhea (23 watery stools/day; RR, 0.83; 95% CI, 0.71-0.98; p = 0.03) and acute diarrhea (duration
<14 days; RR, 0.83; 95% CI, 0.71-0.98; p = 0.03) compared to no multivitamin supplementation
(Fawzi et al., 2003). There were no differences in the occurrence of respiratory infections (p > 0.05),
and findings did not vary by HIV status of the child (p > 0.05). In the same study, children born to
HIV-infected women who received daily multivitamin supplementation also had a decreased risk
of clinical malaria (parasitemia > 5000/uL and fever; RR, 0.29; 95% CI, 0.09-0.89; p = 0.02) com-
pared to receiving no multivitamins (Villamor et al., 2007).

In two randomized trials (Principal Investigator: Bennish; Principal Investigator: Mda) of mul-
tivitamin supplementation among HIV-infected or HIV-exposed children, a daily multivitamin
(containing B-complex, A, C, D, E, and K vitamins and minerals at multiple RDA levels) had
no significant effects on the risks of diarrheal or respiratory infections (p > 0.05) compared to a
placebo or standard of care (i.e., vitamin A supplementation) (Luabeya et al., 2007; Mda et al.,
2010). However, in a randomized trial (Principal Investigator: Fawzi, Childl) of multivitamin sup-
plementation in Tanzania among HIV-exposed children, daily multivitamin supplements including
B-complex (0.5 mg thiamine, 0.6 mg riboflavin, 4 mg niacin, 0.6 mg vitamin B, 130 pg folic acid,
and 1 mg vitamin B,,, with dose doubled at 6 months of age) decreased the risk of HIV-associated
complications, including fever (RR, 0.79; 95% CI, 0.67-0.93; p = 0.005) and a combined endpoint of
cough and fever (RR, 0.79; 95% CI, 0.65-0.96; p = 0.019) compared to the placebo (Duggan et al.,
2012). The effects of daily multivitamin supplementation in children on measles vaccine response
was also evaluated in this study; there were no significant effects of multivitamin supplementation
on measles IgG seropositivity, IgG concentrations, or IgG avidity compared to the placebo (p >
0.05) (Sudfeld et al., 2013).

Anthropometry and Growth

Pediatric anthropometry and growth outcomes evaluated in randomized trials included weight,
length, head circumference, and mid-upper arm circumference, including weight for age (WAZ),
weight for length (WLZ), and length for age (LAZ) WHO z-scores (underweight, WAZ < -2;
wasting, WLZ < -2; stunting, LAZ < -2). In the TOV study, daily maternal multivitamin supple-
mentation during the pregnancy and postpartum periods significantly increased child weight (but
not length) during follow-up (Villamor et al., 2005a). Children born to HIV-infected women who
received multivitamin supplements had significantly greater weight gain from birth to 24 months
of life (+459; 95% CI, 35-882 g; p = 0.03), greater weight for length (+0.38; 95% CI, 0.07-0.68; p =
0.01), and greater weight for age (+0.42; 95% CI, 0.07-0.77; p = 0.01) z-scores compared to children
born to women who did not receive multivitamin supplements (Villamor et al., 2005a). There were
no significant effects of maternal multivitamin supplementation on the risks of child wasting, stunt-
ing, or underweight from birth to 24 months of age (Villamor et al., 2005a).

In the randomized trial of multivitamin supplementation among HIV-exposed children in
Tanzania, children born to HIV-infected women were randomized to receive a daily multivitamin
supplement (0.5 mg thiamine, 0.6 mg riboflavin, 4 mg niacin, 0.6 mg vitamin By, 130 pg folic acid,
and 1 mg vitamin B,,, with dose doubled at 6 months of age) or a placebo from 6 weeks to 24 months
of age (Kupka et al., 2013). Child multivitamin supplementation had no significant effects on LAZ,
WLZ, or WAZ or on the incidence of stunting (LAZ < -2), wasting (WLZ < -2), or underweight
(WAZ < -2) at 104 weeks of follow-up compared to a placebo (Kupka et al., 2013). In a trial from
Uganda, HIV-infected children were randomized to receive either a multivitamin supplement that
included B-complex vitamins at two times the RDA level or a multivitamin supplement at the single
RDA level (Principal Investigator: Ndeezi) (Ndeezi et al., 2010). The higher dose multivitamin had
no significant effects on child WAZ or height for age (HAZ) at 12 months follow-up compared to
the single RDA level (Ndeezi et al., 2010).
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Cognitive and Psychomotor Development
Two randomized trials to date have been conducted to evaluate the effects of multivitamin supplemen-
tation administered to HIV-infected mothers or HIV-exposed infants on cognition and psychomotor
development in children, as assessed using the Bayley Scales of Infant and Toddler Development
(BSID, versions II and III). In the TOV study, the Bayley Scales of Infant and Toddler Development
were administered to a subgroup of children to examine the effects of maternal multivitamin supple-
mentation on cognitive and psychomotor development in offspring (McGrath et al., 2006). Children
born to women who received multivitamin supplementation had significantly higher psychomotor
development indices at 6 months of age (95.9 vs. 92.8; p = 0.03) and higher psychomotor indices (+2.6;
95% CI, 0.1-5.1; p = 0.04) and raw motor scores (+0.8; 95% CI, 0.002—1.6; p = 0.04) at 18 months of
age compared to children born to women who did not receive multivitamins (McGrath et al., 2006).
In the aforementioned randomized trial among HIV-exposed children in Tanzania, daily multi-
vitamin supplementation (0.5 mg thiamine, 0.6 mg riboflavin, 4 mg niacin, 0.6 mg vitamin B, 130
ug folic acid, and 1 mg vitamin B,,, with dose doubled at 6 months of age) was not associated with
significantly improved fine motor skills (mean difference: 0.38; 95% CI, —0.01-0.78; p = 0.06) or
cognition, expressive language, receptive language, or gross motor skills (p > 0.05) at 15 months of
age compared to the placebo group (Manji et al., 2014).

Hematological Status

In an analysis in the TOV study, infants born to HIV-infected women who had received daily mul-
tivitamin supplements (20 mg vitamin B,, 20 mg vitamin B,, 25 mg vitamin B, 100 mg niacin, 50
ug vitamin B,,, and 0.8 mg folic acid) throughout pregnancy and lactation had significantly higher
hemoglobin concentrations at 2 years (p = 0.0009) and 4 years (p = 0.0001) of age and lower risk
of severe hypochromic microcytosis during follow-up (RR, 0.51; 95% CI, 0.31-0.84; p = 0.004)
compared to no multivitamin supplementation (Fawzi et al., 2007). However, maternal multivita-
min supplementation did not significantly reduce the risk of infant anemia (Hb < 11.0 g/dL), severe
anemia (Hb < 8.5 g/dL), or macrocytosis compared to infants born to mothers who received no
multivitamin supplementation (p > 0.05). In the randomized trial of micronutrient supplementation
among HIV-exposed children in Tanzania, daily pediatric multivitamin supplementation decreased
the risk of anemia (11.0 g/dL; RR, 0.88; 95% CI, 0.79-0.99; p = 0.03), severe anemia (Hb < 8.5 g/
dL; RR, 0.79; 95% CI, 0.65-0.95; p = 0.01), and microcytic anemia (RR, 0.76; 95% CI, 0.61-0.93;
p = 0.009) in children compared to the placebo group (Liu et al., 2013). In analyses of a subgroup
of HIV-infected children, daily multivitamin supplementation did not significantly increase hemo-
globin concentrations compared to the placebo (p-interaction HIV status = 0.08) (Liu et al., 2013).

FoLic Acip AND VITAMIN-B,, SUPPLEMENTATION

In another randomized trial, HIV-infected adults were randomized to receive (1) folinic acid” and
vitamin B,, with zidovudine or (2) zidovudine alone (Principal Investigator: Falguera). There were
no significant differences between the two groups with respect to their hemoglobin concentrations,
hematocrit, or mean corpuscular volume during follow-up (p > 0.05). However, folinic acid and
vitamin B,, supplementation with zidovudine significantly increased serum vitamin B,,, serum
folate, and erythrocyte folate concentrations at 3, 6, 9, and 12 months follow-up (p < 0.05) compared
to zidovudine alone (Falguera et al., 1995).

RANDOMIZED TRIALS OF SINGLE MICRONUTRIENT SUPPLEMENTATION

The majority of randomized trials of B-vitamin supplementation in HIV-infected populations have
focused on B-complex vitamins in combination with other vitamins and minerals. To date, random-
ized trials of single micronutrient supplements in HIV-infected individuals have focused on folic

* Folinic acid is a vitamer of folic acid typically used in cancer therapy, but functionally it acts as a vitamin.
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acid and niacin. These studies have examined the effects of folic acid or niacin on ART safety, effi-
cacy, and failure; anemia and micronutrient status; and dyslipidemia, insulin resistance, and adverse
vascular events. Findings from these randomized trials are summarized in detail in Table 2.3.

Folic Acid Supplementation

Findings regarding the effects of folic acid supplementation on hemoglobin concentrations and ane-
mia in HIV-infected patients are conflicting. In a trial of patients with AIDS examining toxicity of
trimethoprim—sulfamethoxazole (TMP-SMZ) treatment, patients were randomized to folic acid
supplementation with TMP-SMZ or TMP-SMZ alone (Brossard et al., 1994). Folinic acid supple-
mentation (7.5 mg/day) with TMP-SMZ had no significant effects on the incidence of anemia (>10%
decrease in hematocrit; p = 0.40) compared to TMP-SMZ alone (Safrin et al., 1994). However, in
a study examining the potential benefit of folic acid supplementation for cytopenia in HIV-infected
patients (WHO stages 2 and 3) receiving pyrimethamine, zidovudine, and pentamidine isothinonate
aerosol, individuals who also received folic acid supplementation for 180 days (Group 1, 5 mg 3x/
week; Group 2, 25 mg 3x/week) had significantly higher hemoglobin concentrations at 180 days of
follow-up (p < 0.05) compared to the placebo (Brossard et al., 1994).

Folic acid supplementation (400 ug daily) is part of standard prenatal care for the prevention
of neural tube defects and anemia (WHO, 2012). However, there are concerns that requirements
could be higher in the context of HIV, particularly with the use of anti-folate medications. In indi-
viduals with HIV infection, anti-folinic drugs are often prescribed to treat bacterial and protozoan
infections, and several malaria prophylactic medications are folate antagonists (e.g., sulfadox-
ine—pyrimethamine with its mechanism of action—dihydrofolate reductase), which impair folate
status and increase the risk of anemia. Four randomized trials have been conducted to examine
the effects of folic acid supplementation on anemia and cardiovascular outcomes in HI V-infected
patients.

A cohort of patients with AIDS (95.7% ART-naive) and pneumonia infection who were receiving
trimethoprim—sulfamethoxazole (TMP-SMZ) was randomized to receive daily folic acid supple-
mentation (7.5 mg/day) or a placebo throughout the duration of TMP-SMZ treatment. Folic acid
supplementation significantly increased the risk of treatment failure (p = 0.005) and death (p =
0.02) compared to the placebo (Safrin et al., 1994). However, folic acid supplementation was not
associated with risk of TMP-SMZ dose-limiting toxicity (p = 0.40), time of discontinuation of
TMP-SMZ (p = 0.70), or adverse clinical symptoms (p > 0.05).

To date, one randomized trial has been conducted to examine the effects of folic acid supple-
mentation on cardiovascular outcomes in HIV-infected individuals (Grigoletti et al., 2013). In a
four-week randomized trial of folic acid (5 mg) supplementation or placebo among HIV-infected
adults on HAART, folic acid had no effect on endothelium-independent vasodilation (p = 0.834) but
significantly improved forearm reactive hyperemia (p < 0.001), an indicator of vascular reactivity
(Grigoletti et al., 2013). Additional trials on folic acid supplementation are needed to determine the
potential benefits on cardiovascular and cardiometabolic outcomes to expand upon these prelimi-
nary findings.

Niacin Supplementation

Niacin is commonly used to treat dyslipidemia and improve lipid profiles when supplemented in
high doses. Extended-release (ER) niacin interventions have been examined for their potential
benefits on cardiovascular outcomes in HIV-infected individuals, including dyslipidemia, insu-
lin resistance, vasodilation changes, and safety of ER-niacin therapy. ER-niacin supplementation
improved dyslipidemia and related outcomes in HIV-infected individuals in all randomized trials
to date. In a study among 14 HIV-infected adults who were stable on HAART, treatment with
ER-niacin (maximum 2000 mg/day for 14 weeks) significantly decreased total cholesterol (—14;
95% CI, -9 to 25 mg/dL; p = 0.005), triglycerides (-34; 95% CI, —17 to —42 mg/dL; p = 0.019),
and non-HDL cholesterol (-19; 95% CI, —10 to —31 mg/dL; p = 0.004) from pretreatment to 14
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weeks follow-up (Gerber et al., 2004). Similarly, in HIV-infected ART-stable adults with dyslip-
idemia (HDL-C 2 4.66 nmol/L and triglycerides > 2.26 mmol/L), 22% of participants reached
their composite lipid goal, and 84% had lower triglycerides (<5.65 mmol/L) after 44 weeks of
ER-niacin supplementation (maximum 2000 mg/day) (Dube et al., 2006). In a third intervention
study examining ER-niacin tolerability in HIV-infected individuals, ER-niacin supplementation
significantly decreased triglycerides (p < 0.05), but there were no significant changes in choles-
terol, HDL or LDL levels during the 24-week follow-up period (p > 0.05) (Souza et al., 2010).
However, in a randomized trial of the effects of niacin therapy in combination with a low-saturated
fat diet on metabolic outcomes in HIV-infected adults with dyslipidemia, niacin supplementation
(50 mg) increased HDL-C (43.3 + 1.5 vs. 39.7 + 1.3 mg/dL; p = 0.03) and decreased the total cho-
lesterol-to-HDL-C ratio (4.3 = 0.02 vs. 4.8 £ 0.2; p = 0.01) after 24 weeks compared to the placebo
(Balasubramanyam et al., 2011). In another trial of HIV-infected patients with dyslipidemia who
were stable on ART, ER-niacin supplementation (maximum 1500 mg/day) significantly increased
median HDL-C concentrations after 12 weeks (44.0 vs. 30.5 mg/dL; p = 0.03) compared to the
placebo, although there were no significant differences in total cholesterol, LDL, or triglycerides
(p > 0.05) (Chow et al., 2010; Lin et al., 2013).

Few studies have been conducted to examine the effects of ER-niacin treatment on other car-
diovascular outcomes in HIV-infected patients. In a randomized trial examining the effects of
ER-niacin on endothelial function in HIV-infected, HA ART-stable adults, ER-niacin supplementa-
tion (maximum 1,500 mg/day) for 12 weeks did not result in any significant changes in flow-medi-
ated vasodilation, an indicator of endothelial function (p = 0.67), compared to the placebo (Chow
et al., 2010). However, flow-mediated vasodilation increased from baseline to 12 weeks follow-up
in the ER-niacin treatment group, after adjusting for baseline flow-mediated dilatation (FMD) and
HDL cholesterol levels (p = 0.048) (Chow et al., 2010).

Preliminary evidence from studies on ER-niacin therapy in HIV-infected individuals suggests
adverse effects on insulin sensitivity. For example, a study among HIV-infected, HAART-stable
adults taking high-dose ER-niacin (maximum 2000 mg/day) reported increased insulin resistance
(homeostatic model assessment of insulin resistance [HOMA-IR], 1.54 to 3.36; p = 0.05) and a
higher B-cell secretion rate (152 to 262 pmol/min; p = 0.01) after 14 weeks of ER-niacin treatment
(Gerber et al., 2004). A randomized trial found that HIV-infected adults taking niacin supplementa-
tion (50 mg) in combination with a diet and exercise regime had increased HOMA-IR (2.76 + 0.75
vs. 1.38 £0.36; p = 0.008) and lower insulin sensitivity index (2.88 + 0.67 vs. 4.95 + 1.10; p = 0.007)
at 24 weeks of follow-up compared to diet and exercise alone (Balasubramanyam et al., 2011).
Participants in the same niacin-supplemented group also had higher mean plasma glucose (95.4 +
3.2vs. 88.7 £ 3.0 mg/dL; p = 0.002) and greater mean oral glucose tolerance test (OGTT) (18,113 +
1110 vs. 17,207 + 1022 mg/dL over 120 min; p = 0.02) compared to the group that received diet and
exercise alone, suggesting impaired glucose control.

The safety of ER-niacin therapy has not been extensively evaluated in HIV-infected adults
receiving antiretroviral therapy. Potential adverse effects evaluated with ER-niacin treatment
include hepatotoxicity (i.e., elevated aminotransferases), glucose intolerance, flushing, and adverse
events (grade 3 or higher). In a study among HIV-infected individuals receiving ART (90% protease
inhibitor [PI]-based regimen, 30% efevirenz-based regimen) with ER-niacin supplementation for
24 weeks, there were no increased risks of adverse events (grade 3 or higher), greater hepatic ami-
notransferases, or altered glucose metabolism (p > 0.05) from baseline to post-treatment (Souza et
al., 2010). In another trial of 33 HIV-infected adults on ART (70% PI, 48% non-nucleoside reverse
transcriptase inhibitor [NNRTI]) who received ER-niacin (maximum 2000 mg/day) for 44 weeks,
four participants stopped ER-niacin therapy and another four participants did not reach the maxi-
mum dosage for ER-niacin therapy or meet the composite lipid goal by the end of follow-up (Dube
et al., 2006). Further studies are warranted to determine the safety, efficacy, and appropriate dose
and administration of ER-niacin treatment in HIV-infected patients receiving ART.
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DISCUSSION

B-vitamin deficiencies are prevalent in HIV-infected individuals and have been associated with
increased risk of HIV disease progression and other adverse HIV-associated outcomes. To date, 21
randomized trials have been conducted to examine the effects of B-vitamins on health outcomes in
HIV-infected populations: 13 randomized trials of B-complex vitamins with other micronutrients
and 8 trials of individual B-vitamins, niacin, and folic acid. In randomized trials among HI V-infected
pregnant and non-pregnant adults, B-vitamin supplementation has been found to decrease the risk
of AIDS progression and AIDS-related mortality, decrease HIV RNA viral load, and improve CD4
T-cell counts, in addition to decreasing the risk of adverse pregnancy outcomes, including low
birthweight, preterm birth, and fetal loss. Among HIV-exposed infants, B-vitamin supplementation
in complex with other micronutrients has not been associated with mother-to-child transmission of
HIV or weight gain, but improved psychomotor development. Randomized trials of multivitamins
containing a B-vitamin complex at multiple RDA levels have not demonstrated a consistent addi-
tional benefit on HIV disease progression, immune function, or AIDS-related mortality compared
to the single RDA level. In randomized trials of individual micronutrients in HIV-infected popula-
tions, extended-release niacin improved dyslipidemia, but the evidence of the effects of folic acid
on hematological outcomes is conflicting. The safety and efficacy of B-vitamin supplementation for
HIV-infected individuals have not been studied extensively in the context of antiretroviral therapy.

Randomized trials with B-vitamins in combination with other micronutrients have been reported
to slow the progression of HIV and decrease the risk of mortality and AIDS-related mortality
(Jiamton et al., 2003; Fawzi et al., 2004b), decrease HIV-1 RNA viral load (Fawzi et al., 2004b),
lower the risk of tuberculosis recurrence (Villamor et al., 2008), and improve markers of immune
status (Fawzi et al., 1998; Baum et al., 2013). B-vitamin supplementation in HIV-infected, ART-
naive pregnant women decreased the risk of adverse pregnancy outcomes, including low birth-
weight, small-for-gestational age, severe preterm birth, and fetal loss (Fawzi et al., 1998, 2000),
and reduced the risk of MTCT of HIV among women who were nutritionally or immunologically
compromised at baseline (Fawzi et al., 2002). Maternal prenatal B-vitamin supplementation also
conferred benefit to pediatric outcomes in offspring, including reduced risk of AIDS-associated
conditions and opportunistic infections (Fawzi et al., 2003; Villamor et al., 2007) and decreased risk
of microcytosis (Fawzi et al., 2007). Among HIV-exposed infants, B-vitamin supplementation in
complex with other micronutrients did not reduce the risk of AIDS-associated mortality (Ndeezi et
al., 2010; Duggan et al., 2012) or childhood weight gain (Ndeezi et al., 2010; Kupka et al., 2013) but
did improve psychomotor development (McGrath et al., 2006). The evidence to date on the safety
and efficacy of micronutrient supplementation (including B-vitamins) in HIV-infected pregnant
women (see Chapter 6 of this volume) and HIV-infected and HIV-exposed children (see Chapter
8 of this volume) are discussed in further detail in other chapters in this volume. Randomized tri-
als comparing different doses of B-complex regimens (i.e., multiple vs. single RDA level) have not
consistently demonstrated a benefit on HI'V-related outcomes among ART-naive pregnant women
(Kawai et al., 2010a; Isanaka et al., 2012), adult men and women initiating HAART (Isanaka et al.,
2012), or infants (Ndeezi et al., 2010).

Few randomized trials have been conducted to examine the effects of individual micronutri-
ents on health outcomes in HIV-infected populations, and research to date has focused on folic
acid and ER-niacin. Findings regarding the effects of folic acid supplementation on hemoglobin
and anemia were conflicting (Brossard et al., 1994; Safrin et al., 1994). Extended-release niacin
consistently improved lipid profile and reversed indicators of dyslipidemia among HIV-infected
ART-stable individuals (Gerber et al., 2004; Dube et al., 2006; Chow et al., 2010; Souza et al.,
2010; Balasubramanyam et al., 2011; Lin et al., 2013). However, interventions with ER-niacin also
increased the risk of insulin resistance and elevated blood glucose concentrations (Gerber et al.,
2004; Balasubramanyam et al., 2011).
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ResearcH GAPS

Study Design—B-Vitamin Supplementation

Despite findings from randomized trials to date, the role of specific B-vitamins (or potential mecha-
nisms involved) in the etiology of HIV-related outcomes is unclear. Few trials to date have focused
specifically on B-vitamins, such as B-complex vitamins alone or individual B-vitamins as com-
pared to a placebo (or no B-vitamin supplementation). B-vitamin interventions have also been
administered in combination with other micronutrients (e.g., B-complex, C, and E vitamins together
with vitamin A or selenium). Supplementation with multiple micronutrients constrains causal infer-
ence regarding the specific effects of B-vitamins on HIV-related outcomes. Also, the variation in
B-vitamin composition, dose, and administration and the co-administration with other micronu-
trients in these trials limit the ability to compare findings across studies. The potential effects of
micronutrient supplementation of other B-vitamins on immune function, such as thiamin, ribofla-
vin, vitamin B, folate, or vitamin B,,, warrant further investigation in single-supplementation trials.

B-Vitamin Biomarkers

Few studies in this review assessed biomarkers of B-vitamin status in study participants. The inclu-
sion of multiple micronutrients in intervention regimes and lack of assessment of specific biomark-
ers constrain interpretation of findings of specific effects of B-vitamins on health outcomes. For
example, studies measuring the role of B-vitamins either in complex with other micronutrients or as
a single micronutrient (e.g., folic acid) on outcomes such as hemoglobin or anemia did not measure
vitamin B, and folate, deficiencies of which are known causes of anemia. Two studies that did mea-
sure vitamin B,, and folate status in participants assessed total vitamin B, and serum/plasma folate
as the only biomarkers of B-vitamin status (Baylin et al., 2005; Ndeezi et al., 2011). Total vitamin
B,, is a circulating biomarker of vitamin B, status that does not reflect the metabolic uptake of vita-
min B,,. Inclusion of functional vitamin B,, biomarkers, such as MMA and erythrocyte folate con-
centrations, would improve the assessment of B-vitamin status (Yetley and Johnson, 2011; Yetley et
al., 2011a,b,c). In addition to the limited assessment of B-vitamin biomarkers, these indicators were
often assessed at a single time point, and few studies in this review used standardized cutoffs for
deficiency or insufficiency of B-vitamins. Measurement of B-vitamin supplementation, adherence,
and biomarkers of B-vitamin status are critical to elucidating mechanisms between B-vitamins and
HIV-related outcomes.

Generalizability

Randomized trials from Tanzania (Principal Investigator: Fawzi) have reported that multivita-
min supplementation with B-complex, C, and E vitamins significantly reduces the risk of various
adverse HIV-related and perinatal outcomes among ART-naive, HIV-infected pregnant women.
However, few multivitamin trials have been conducted in other regions of the world. Also, some
trials included individuals who were co-infected with tuberculosis or children who were both HIV-
infected and HIV-exposed, which limits comparison with other studies. The limited evidence
regarding the effects of B-vitamins in other settings constrains generalizability and interpretation
of findings, particularly in the ART era.

MICRONUTRIENT SUPPLEMENTATION IN THE CONTEXT OF ANTIRETROVIRAL THERAPY

Randomized trials of B-vitamin supplementation and HIV-related outcomes to date have primar-
ily been conducted in ART-naive populations. Among trials in which HIV-infected individuals
received B-vitamins in complex with other micronutrients, only one trial recruited participants
initiating HAART (TOV3) (Isanaka et al., 2012); other trials of B-vitamins stratified participants by
ART status or enrolled mothers and infants as ART became available during the course of the trial
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(Luabeya et al., 2007; Ndeezi et al., 2010; Duggan et al., 2012). The variability in ART exposure and
the ancillary focus on ART for these trials constrains causal inference of the effects of B-vitamins
in the context of antiretroviral therapy. Further research is urgently needed to determine the efficacy
and safety of B-vitamin supplementation as an adjunct to essential antiretroviral therapy.

Research to date on the effects of single B-vitamin nutrient supplements in ART-stable popula-
tions has focused on folic acid and extended-release niacin. Two trials of folic acid supplementa-
tion in ART-stable, HIV-infected individuals did not demonstrate significant effects on anemia or
cardiovascular blood flow (Brossard et al., 1994; Grigoletti et al., 2013). In contrast, randomized
trials of ER-niacin therapy among ART-stable, HIV-infected adults have demonstrated a consistent
benefit of ER-niacin therapy for dyslipidemia (Gerber et al., 2004; Dube et al., 2006; Chow et al.,
2010; Souza et al., 2010; Balasubramanyam et al., 2011).

IMPLICATIONS FOR CLINICAL CARE AND PUBLIC HEALTH PRACTICE

B-vitamin deficiencies are prevalent in HIV-infected individuals and have been associated with
increased risk of adverse health outcomes. Randomized trials to date have demonstrated a consis-
tent benefit of B-vitamin supplementation on HIV disease progression and HIV-related health out-
comes in ART-naive populations. Current evidence supports the use of B-vitamin supplementation
at the single RDA level for HIV-infected individuals. There is, however, more limited evidence
of the additional benefit of higher dose B-vitamin supplementation compared to the single RDA
level. Improved dietary intake of B-vitamins using food fortification and dietary diversification
approaches is needed, particularly in resource-limited settings where the burden of B-vitamin
deficiencies is high.

Extended-release niacin has demonstrated consistent benefits for lipid profiles and dyslipidemia
in HIV-infected adults who are stable on ART. ER-niacin therapy is a feasible method to maintain a
normal lipid profile for HIV-infected individuals on ART. However, findings regarding the potential
effects on insulin resistance and elevated blood glucose concentrations warrant caution, and indi-
viduals must be carefully monitored for insulin resistance and diabetes.

To date, there is limited evidence on the effects of B-vitamin supplementation among HIV-
infected individuals on antiretroviral therapy. The importance of ensuring universal access to ART
cannot be overemphasized. Further research is needed to examine the role of B-vitamin supplemen-
tation as an adjunct to essential ART and to elucidate potential micronutrient—ART interactions and
their implications for health outcomes. The safety and efficacy of B-vitamin supplementation in
HIV/AIDS urgently need to be examined as an adjunct to essential antiretroviral therapy.
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INTRODUCTION

IrON

Iron is a trace element required for essential physiological and cellular pathways in all life forms,
including oxygen transport to tissues via hemoglobin, oxidative energy production, cell prolifera-
tion, and immune function (Camaschella, 2017). Iron is required for pathogen growth and is a
key micronutrient in the context of immune function, with bidirectional associations between iron
status and infection. Iron deficiency has been associated with impaired immune function, bacteri-
cidal macrophage activity, and T-cell function (Jonker and van Hensbroek, 2014). However, because
pathogens also require iron for survival, host sequestration of iron is a defense mechanism and part
of the innate immune response, and it has been associated with lower incidence of bacterial and viral
infections (Murray et al., 1978; Weinberg, 1996; Berlim and Abeche, 2001). Findings from these
studies have led to the use of iron deprivation to target some infections, such as Mycobacterium
tuberculosis (Gomes, 1999; Pal et al., 2015).

IrRoN AND HIV

As with many infections, the associations between iron and HIV are complex and bidirectional.
Whereas iron deficiency and anemia are common in HIV-infected individuals, higher iron status
has also been associated with increased HIV infection and replication (Traoré and Meyer, 2004;
Chang et al., 2015). Based on evidence that HIV utilizes iron to replicate, iron deprivation has been
proposed as a potential strategy to target HIV-associated bacterial infections, as well as the course
of HIV infection itself (Boelaert et al., 1996).

IroN AND HIV/AIDS: EVIDENCE FROM OBSERVATIONAL STUDIES

Anemia and Iron Deficiency Are Common in HIV-Infected Individuals

Iron deficiency is the most common micronutrient deficiency worldwide, resulting in poor health
outcomes, impaired development, and increased susceptibility to infectious diseases and often
coexisting with infection, including HIV (WHO, 2017). Iron deficiency is also a leading cause of
anemia, accounting for approximately 50% of cases of anemia worldwide (50%; 95% CI, 47-53)
(WHO, 2015). Anemia is one of the most common conditions in patients with HIV (Fuchs, 1993;
Dikshit et al., 2009; Ogbe et al., 2012; Redig and Berliner, 2013). Epidemiological studies have
noted a high prevalence of anemia in HIV-infected populations, ranging from 42.5% to 73% in HIV-
infected adults in varying regions (Dikshit et al., 2009; Omoregie et al., 2009; Meidani et al., 2012;
Petraro et al., 2016): HIV-infected pregnant women in southwestern Nigeria (Ezechi et al., 2013),
injection drug users in Maryland (Semba et al., 2002), and children in Cape Town (Eley et al., 2002),
in Thailand and Cambodia (Kosalaraksa et al., 2012), and in Italy (Castaldo 1996). Observational
studies have also noted a higher prevalence of anemia and iron deficiency among HIV-infected
individuals compared to HIV-uninfected individuals (Meda, 1999; Friis et al., 2001; Silva et al.,
2001; Dairo et al., 2005; Lewis et al., 2007) and lower hemoglobin concentrations in HIV-infected
individuals compared to HIV-uninfected individuals in the same setting (Friis et al., 2001; Dairo et
al., 2005; Masaisa et al., 2011; Ogbe et al., 2012; Mugisha et al., 2013; Swetha et al., 2015).

Anemia and Iron Deficiency Have Been Associated with Adverse
Health Outcomes in HIV-Infected Individuals

Iron deficiency has been associated with adverse health outcomes in HI V-infected populations, includ-
ing lower CD4 T-cell counts, increased HIV disease progression, and increased risk of opportunistic
infections (Gordeuk et al., 2001; Malvoisin et al., 2014). Anemia has also been associated with poorer
prognoses in HI V-infected patients, including lower CD4 T-cell counts (Antelman et al., 2000; Eley et
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al., 2002; Salomé and Grotto, 2002; Dikshit et al., 2009; Chatterjee et al., 2010; Finkelstein et al., 2012;
Petraro et al., 2013; Shen et al., 2013) and HIV-related mortality (O’Brien et al., 2005; Finkelstein et
al.,, 2012; Shen et al., 2013; Porter et al., 2015). For example, in a study of HIV-infected patients in
Mskutfi, Nigeria, 55.2% of patients with lower CD4 T-cell counts (<200 cells/mm?) were anemic com-
pared to 32.5% of patients with higher CD4 T-cell count (2200 cells/mm?) (Ogbe et al., 2012).

Elevated Iron Status

In contrast, elevated iron status (e.g., serum ferritin) has also been associated with adverse health
outcomes in observational studies in HIV-infected populations. For example, in a study among 571
asymptomatic HIV-infected patients in Spain (86.2% on ART and 36.3% diagnosed with AIDS),
iron overload (i.e., serum ferritin > 200 pg/L in women and > 300 pg/L in men) was associated with
lower CD4 T-cell counts (<350 cells/uL) and greater prevalence of AIDS cases (with iron overload,
49.2% diagnosed with AIDS; without iron overload, 34.6%; p = 0.02) (L6épez-Calderén et al., 2015).
Among 168 HIV-infected individuals in Spain, individuals with lower CD4 T-cell counts (<300
% 10%/L) had significantly higher ferritin levels compared to those with higher CD4 T-cell counts
(mean, 330 vs. 261-418 ug/L; p < 0.001) (Riera et al., 1994). Observational studies have also noted
associations between higher serum ferritin concentrations and increased HIV disease progression
(Tohill et al., 2007; Rawat et al., 2009), lower CD4 T-cell counts (Dikshit et al., 2009), and higher
HIV RNA viral load (Friis et al., 2003). However, some of these studies did not assess or adjust for
inflammation, such as C-reactive protein (CRP), which constrains the interpretation of findings.

IRON SUPPLEMENTATION IN THE CONTEXT OF HIV: A DouBLE-EDGED SWORD?

Iron is required for survival by both the host and virus, and iron supplementation is the standard of
care for prevention and treatment of anemia (WHO, 2012). However, associations between elevated
iron stores and increased HIV disease progression and mortality raise concern regarding the safety
and efficacy of iron supplementation in the context of HIV, particularly in iron-replete individuals.
Iron may be a “double-edged sword”—that is, because HIV also utilizes iron for growth and repli-
cation, iron interventions (i.e., additional iron in circulation) may be harmful in the context of HIV
infection (Sunder-Plassmann et al., 1999; Clark and Semba, 2001; Gordeuk et al., 2001).

ResearcH GAPs

Findings from observational studies to date suggest that the associations between iron and HIV are
complex and likely bidirectional. Emerging evidence regarding the associations between higher
iron status and advanced HIV disease progression and mortality have raised concerns regarding
the use of iron supplementation in the context of HIV. However, current World Health Organization
(WHO) guidelines do not differ according to HIV status, and there are no specific guidelines
for iron supplementation in HIV-infected populations. Further research is needed regarding iron
supplementation in the context of antiretroviral therapy (ART). Antiretroviral therapy regimens
have had varying effects on iron status in different HI V-infected populations. Whereas prenatally
administered zidovudine has been associated with maternal and infant anemia postpartum, highly
active antiretroviral therapy (HAART) has also been associated with increased hemoglobin con-
centrations in non-pregnant HIV-infected adults (Widen et al., 2015; Dryden-Peterson et al., 2011).
Cotrimoxazole, recommended as prophylaxis for infants born to HIV-infected mothers, has been
associated with increased risk of anemia (Makubi et al., 2015). Conflicting findings on the efficacy
of iron supplementation, as well as uncertainty regarding the role of antiretroviral therapy, high-
light the need for future studies to elucidate the multifactorial etiology of anemia in HIV-infected
populations. Further research is necessary to evaluate the role of iron status in HIV infection and to
establish the efficacy and safety of iron supplementation in HIV-infected populations, particularly
in the context of antiretroviral therapy.
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OBJECTIVES

The objective of this review was to examine the role of iron in the context of HIV/AIDS, with an
emphasis on evidence from randomized clinical trials and prospective cohort studies. We examine
the efficacy and safety of iron supplementation on health outcomes among HIV-infected individu-
als, including HIV disease progression, mortality, and hematological status, and adverse maternal
and child health outcomes. We also examine the directionality of association between HIV and
iron. First, we evaluate the association between HI'V and hematologic outcomes, such as iron status
and anemia. Second, we review the association between anemia and poor iron status and HIV-
related outcomes. We then discuss research gaps and the implications of findings for clinical care
and public health practice, with an emphasis on resource-limited settings.

METHODS

A structured literature search was conducted using MEDLINE® electronic databases. Relevant
Medical Subject Heading (MeSH®) terms were used to identify published studies through November
18, 2015. The MeSH terms and search strategy are presented in Figure 3.1. Initial inclusion crite-
ria for this review were the availability of an abstract and the availability of data on iron (intake,
status, or supplementation) and HIV. Abstracts of all studies were searched, and full-text articles
were retrieved, indexed, and assessed for data on iron and HIV. The following iron biomarkers were

982 PubMed 841 abstracts excluded
search results 38

(articles until 310
November 18, 2015)

missing abstracts
non-human, in-vitro/cell study
178 not in HIV infected or exposed population
55 exposure/outcome unrelated to iron
4 duplicate
158 review, meta-analysis, editorial
1 ongoing study
40 case study

141 studies 7 association of interest not reported
further reviewed

73 excluded based on full text
6 exposure or outcome
unrelated to iron
62 association of interest
not reported
5 not in english

68 full-
text articles

Intervention Cross-
Cohort: 30 Case-control: 9 (non-RCT): 2 RCT: 4 sectional: 23

FIGURE 3.1 Search strategy (search date closed November 18, 2015; last updated July 11,2016). Randomized
controlled trials (RCTs) are RCTs with intervention as iron and RCTs with intervention as HAART or HAART/
iron. Search terms: (HIV Infections[MeSH] OR HIV[MeSH] OR hiv[tw] OR hiv-1*[tw] OR hiv-2*[tw] OR
hivl[tw] OR hiv2[tw] OR hiv infect*[tw] OR human immunodeficiency virus[tw] OR human immunedefi-
ciency virus[tw] OR human immuno-deficiency virus[tw] OR human immune-deficiency virus[tw] OR
((human immun*) AND (deficiency virus)) OR acquired immunedeficiency syndrome[tw] OR aids[tw] OR
acquired immunodeficiency syndrome[tw] OR acquired immunodeficiency syndrome[MeSH] OR acquired
immune-deficiency syndrome[tw] OR acquired immuno-deficiency syndrome[tw] OR ((acquired immun*)
AND (deficiency syndrome[tw])) OR “sexually transmitted diseases, viral’[MESH:NoExp]) AND (ferrous
OR iron OR ferric OR iron compounds[mh]).
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included in this review: hemoglobin, serum ferritin (SF), soluble transferrin receptor (STfR), and
total body iron (TBI); hepcidin concentrations; and indicators of inflammation, including C-reactive
protein (CRP) and o-1-acid glycoprotein (AGP). The following HIV-related data were included in
this review: all-cause mortality, AIDS-related mortality, WHO-defined HIV disease stage, HIV dis-
ease progression, opportunistic infections, CD4 and CD8 T-cell counts, neopterin, HIV RNA viral
load, HIV RNA viral shedding, and antiretroviral therapy, including HAART and combination ART
therapy (cCART). For studies among HIV-infected pregnant women, we evaluated the following:

* Maternal outcomes—Maternal weight gain during pregnancy, anemia, and hematological
status

* Pregnancy outcomes—Miscarriage (<28 weeks gestation), stillbirth (28 weeks gestation),
fetal loss (miscarriage or stillbirth), gestational age at delivery, preterm birth (<37 weeks
gestation), birthweight, low birthweight (<2500 g), small for gestational age (SGA; birth-
weight < 10th percentile for gestational age), mother-to-child transmission of HIV, and
breast milk composition

e Infant outcomes—HIV infection; other infections (e.g., malaria, tuberculosis); anthropom-
etry and growth (i.e., weight, length, head circumference, mid-upper arm circumference),
including weight for age (WAZ), weight for length (WLZ), and length for age (LAZ) WHO
z-scores (underweight, WAZ < -2; wasting, WLZ < -2; stunting, LAZ < -2); anemia; and
iron biomarkers.

Available abstracts of all studies were searched, full-text articles were extracted and reviewed,
and the following inclusion criteria were applied: (1) human studies, (2) HIV-infected individuals,
and (3) availability of data on iron status, intake, or supplementation and HIV-related outcomes.
All observational cross-sectional, cohort, and case-control studies, as well as randomized trials
and interventions and quasi-randomized and uncontrolled trials meeting participant and method-
ological criteria, were included in supplementary tables. However, the main focus of this chapter
is on evidence from randomized trials (n = 4), interventions (n = 2), and prospective cohort studies
(n = 30). Sources were retrieved, collected, indexed, and assessed for iron and HIV-related data.
Bibliographies of published studies and manual searches of related articles were used to identify
additional sources. An additional search was conducted to find review articles, which were exam-
ined to cross-reference other relevant studies. A standardized data table was used to extract and
summarize key information from all studies that met the aforementioned inclusion criteria. As part
of this protocol, publication date, authors, study design, setting, target population, definitions of
exposures and outcomes, main findings, and study limitations were recorded.

RESULTS

SEARCH STRATEGY RESULTS

The structured literature search resulted in 982 abstracts. After 841 articles were excluded (n = 88
missing abstracts, n = 310 non-human/laboratory studies, n = 178 not in HIV-infected populations,
n = 55 exposure or outcome not related to iron, n = 4 duplicates, n = 158 reviews/meta-analyses/
editorials, n = 1 ongoing study, n = 40 case studies, n = 7 missing data on the associations between
iron and HIV), 141 full-text articles were extracted for further review (Figure 3.1). After excluding
73 additional articles that did not meet inclusion criteria (n = 6 exposure or outcome not related to
iron, n = 62 missing data on the associations between iron and HIV, n = 4 not in English), a total
of 68 studies were included in this review: 23 cross-sectional, 9 case-control, 30 cohort studies, 4
randomized controlled trials (RCTs) (i.e., 3 RCTs with iron supplementation as the intervention and
1 RCT with ART as the intervention), and 2 non-RCT intervention studies of iron supplementation.
Findings from these studies are summarized in Tables 3.1 to 3.5.
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The main focus of this chapter is on evidence from cohort studies (n = 30), randomized controlled
trials (n = 4), and intervention studies (n = 2). Of these included studies, most were conducted as part
of 4 parent randomized clinical trials: 5 studies came from the Trial of Vitamins (TOV) conducted in
Tanzania; 3 studies were conducted as part of the Zimbabwe Vitamins for Mothers and Babies Project
(ZVITAMBO); 2 studies were part of the Breastfeeding, Antiretrovirals, and Nutrition (BAN) study
conducted in Malawi; and 1 study was part of the Centre for the AIDS Programme of Research in
South Africa (CAPRISA) Acute Infection Study. Few randomized clinical trials have been conducted
to date to examine the effects of iron supplementation on health outcomes in HI V-infected populations.

Although all of the eligible studies were assessed for data for all a priori outcomes (see Methods
section), most studies included data on a narrow subset of these outcomes. For example, most stud-
ies included data on the following HIV-related outcomes: all-cause mortality, AIDS-related mor-
tality, WHO HIV disease stage, HIV disease progression, opportunistic infections, CD4 and CDS§
T-cell counts, and HIV RNA viral load. Although most studies focused on hemoglobin concentra-
tions or anemia, iron status biomarkers assessed included SF, sTfR, CRP, and AGP. Finally, stud-
ies conducted among HIV-infected pregnant women focused on a subset of perinatal outcomes:
mother-to-child transmission of HIV, gestational age at delivery, preterm birth, birthweight, low
birthweight, small-for-gestational age, and infant iron status.

IRoN AND HIV-RELATED HEALTH OUTCOMES

Mortality Outcomes
Iron Supplementation and Mortality

To date, no randomized clinical trials have been conducted to examine the effects of iron supple-
mentation on mortality in HIV-infected individuals. An unblinded trial was conducted to examine
the effects of different treatment options on health outcomes in adult patients diagnosed with AIDS:
iron protoxalate—dapsone (30 mg/day soluble iron and 50 mg/day dapsone) plus aerosolized pent-
amidine (300 mg administered over a 30-minute period through a jet nebulizer one time per month)
compared to aerosolized pentamidine regimen alone (Salmon-Ceron et al., 1995). After 31 months
(i.e., at the time the trial was terminated early), patients in the iron protoxalate—dapsone group had
a significant twofold higher risk of mortality compared to the control group, after adjusting for age,
time since diagnosis of AIDS, and CD4 T-cell count (42% vs. 21%; risk ratio [RR], 2.18; 95% CI,
1.27-3.74; p < 0.003). Similarly, the mortality rate at 18 months was significantly higher in the iron
protoxalate—dapsone group compared to the control (53.1% vs. 24.6%; p < 0.003; log-rank test).
There were no significant differences between groups for cause-specific mortality.

Anemia and Mortality

Anemia is common in HIV-infected individuals and has been associated with increased risk of
mortality. Several prospective observational analyses have been conducted as part of the Trial of
Vitamins (TOV), a randomized trial in Dar es Salaam, Tanzania, in which 1078 HIV-infected,
ART-naive pregnant women were randomized to receive vitamin A, multivitamins and vitamin
A, multivitamins without vitamin A, or placebo in a 2 X 2 factorial design. In this trial, all HIV-
infected, pregnant women also received daily supplementation of 400 mg ferrous sulfate (i.e.,
equivalent to 120 mg ferrous iron) and 5 mg folic acid, along with weekly chloroquine (500 mg) as
malaria prophylaxis. In an observational analysis within the TOV, moderate anemia (hemoglobin
[Hb] = 8.5 to 10.9 g/dL) at baseline was associated with a twofold greater risk of AIDS-related
mortality (hazard ratio [HR], 2.21; 95% CI, 1.53-3.19; p < 0.001) and all-cause mortality (HR, 2.06;
95% CI, 1.52-2.79; p < 0.001) compared to women who were not anemic at baseline (Hb > 11.0 g/
dL) in analyses adjusted for CD4 T-cell counts, WHO HIV disease stage, pregnancy, age, treatment
arm, and body mass index (BMI) (O’Brien et al., 2005). The risks of these outcomes were even
higher among individuals with severe anemia (Hb < 8.5 g/dL) at baseline—AIDS-related mortality
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HR =347 (95% CI, 2.25-5.33; p < 0.001) vs. all-cause mortality HR = 3.19 (95% CI, 2.23-4.56; p
< 0.001)—compared to women who were not anemic at baseline in multivariate analyses (O’Brien
et al., 2005).

In a prospective analysis conducted among 829 children born to HIV-infected women who were
enrolled in the TOV study, iron deficiency anemia (IDA; defined as Hb < 8.5 g/dL with hypochro-
masia and microcytosis) was associated with a twofold increase in the hazards of mortality in the
first 24 months of life (HR, 1.99; 95% CI, 1.06-3.72; p < 0.03) in analyses adjusting for maternal
characteristics, including CD4 T-cell counts taken every three months during pregnancy, educa-
tion, and daily per-capita money spent on food, as well as for child’s birthweight, child’s age at the
introduction of semisolid foods, time-varying CD4 T-cell counts, malaria parasitemia, and HIV
infection status (Chatterjee et al., 2010). In multivariate analyses, severe anemia without indicators
of iron deficiency (e.g., Hb < 8.5 g/dL but not exhibiting hypochromasia and microcytosis) was not
associated with the hazards of overall child mortality during the first two years of life (HR, 1.38;
95% CI, 0.95-2.01; p = 0.10).

In a cohort study conducted in Indonesia among 869 HIV-infected ART-naive patients (214
years), moderate anemia (Hb = 8.0 to 10.5 g/dL) and severe anemia (Hb < 8.0 g/dL) were associated
with increased hazards of mortality at six months of follow-up (HR, 6.5; interquartile range [IQR],
2.0-21.2; p = 0.002) (Wisaksana et al., 2011). In analyses at six months of follow-up, individuals
with moderate to severe anemia had significantly lower survival compared to individuals without
anemia: 82.5% anemic (95% CI, 75.5-89.4%) vs. 98.6% non-anemic (95% CI, 97.3-99.9%; p <
0.001) (Wisaksana et al., 2011).

Serum Ferritin and Mortality

Several prospective analyses have been conducted to examine the associations between serum fer-
ritin concentrations and risk of mortality in HIV-infected individuals. In a prospective analysis as
part of the TOV study among 584 HIV-infected pregnant women, higher serum ferritin (SF >150
ug/L) was not associated with increased risk of AIDS-related mortality compared to women with
low serum ferritin (SF < 12.0 pug/L) in multivariate analyses adjusted for maternal age, HIV dis-
ease progression, wasting, Hb, and CRP (composite endpoint rate ratio, 1.29; 95% CI, 0.75-2.21; p
= 0.36) (Kupka et al., 2007). In a prospective analysis conducted as part of ZVITAMBO, among
643 HIV-infected, postpartum women, higher SF concentrations at baseline (within 96 hours of
delivery) were associated with increased hazards of death in the first 12 months after delivery, after
adjusting for AGP (log,, SF HR, 4.10; 95% CI, 1.64-10.23; p = 0.002), and individuals with elevated
SF (>45.0 ug/L) at baseline had significantly increased risk of death in the first year compared to
iron-deficient individuals (SF < 15.0 /L) or iron-replete individuals (SF, 15-45 ug/L) (p < 0.001)
(Rawat et al., 2009). There were no significant differences in the hazards of mortality between iron-
deficient and iron-replete individuals (p = 0.57). Findings did not vary by anemia status at baseline
(p-interaction = 0.18) (Rawat et al., 2009).

Other Hematological Factors and Mortality

In other prospective analyses conducted as part of ZVITAMBO, sTfR concentrations were not asso-
ciated with risk of mortality (Rawat et al., 2009). In a retrospective cohort study conducted in The
Gambia among HIV-infected, ART-naive adults, elevated baseline hepcidin concentrations were
associated with increased risk of all-cause mortality: highest vs. lowest tertile HR = 3.02 (95% CI,
1.91-4.78; p < 0.05) and middle vs. lowest tertile HR = 1.95 (95% CI, 1.22-3.10; p < 0.05) (Minchella
et al., 2015). In another cohort study conducted in The Gambia among 1362 HIV-infected adults,
a higher combined iron status index, which included transferrin, ferritin, and Hb (elevated vs. nor-
mal), predicted increased risk of all-cause mortality (HR, 11.26; 95% CI, 7.36—-17.24; p < 0.001)
compared to normal iron status for all iron biomarkers measured (McDermid et al., 2007). Of the
iron biomarkers measured in this study, only sSTfR was not associated with significantly increased
risk of all-cause mortality in multivariate analyses. In a case-control study that examined the bone
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marrow macrophage iron grades of 348 HIV-infected patients, those patients with higher iron
grades (4-5) had significantly increased risk of mortality from the time of HIV diagnosis compared
to those with lower iron grades (0-2) (HR, 2.80; 95% CI, 1.4-4.9; p = 0.001) (de Monyé¢ et al., 1999).

HIV Disease Progression Outcomes

Measures of HIV disease progression-related outcomes, as they relate to iron and hematologic sta-
tus, were categorized as follows: WHO HIV disease stage, CD4 T-cell counts, HIV RNA viral
load, inflammatory markers, and co-infections and other clinical morbidities. The latter (co-infec-
tions and other clinical morbidities) makes reference specifically to malaria and tuberculosis (TB).
Finally, other relevant maternal and child health outcomes among HIV-infected groups, as they
relate to hematologic status, were considered.

WHO HIV Disease Stage

The association between iron and HIV disease progression has been investigated in several studies.
In a randomized, placebo-controlled trial in Malawi among 209 HIV-infected children (36% taking
ART at baseline) with moderate anemia (Hb = 7.0 to 9.9 g/dL), children were randomized to receive
either daily iron supplementation (3 mg/kg/day ferrous sulfate) with multivitamins (vitamins A, C,
and D) or multivitamins alone (Esan et al., 2013). Iron supplementation was associated with reduced
risk of progression to AIDS (incidence rate ratio [IRR], 0.25; 95% CI, 0.08-0.83; p = 0.02; p-interac-
tion = 0.07), but only in analyses among iron-deficient children (SF < 12.0 pg/dL if CRP < 5.0 mg/L,
or SF < 30.0 pg/dL if CRP > 5.0 mg/L). According to the authors, this subgroup analysis was not
adjusted for the following potential confounders: HAART use at recruitment, baseline Hb, bed net
use, CD4 T-cell percentage at baseline, or blood transfusion before recruitment (Esan et al., 2013).

In a cohort study conducted in Bangalore, India, among 240 children who were HIV-infected at
birth, iron supplementation (therapeutic iron supplementation based on WHO criteria, prescribed
for three months at a 3-mg/kg/day dose) was not significantly associated with HIV disease stage
after one year of follow-up compared to no iron supplementation. The prevalence of WHO HIV
stage 3 or 4 at baseline among the iron group was 25.7% vs. 16.7% for the no-iron group (p = 0.04),
and the prevalence of WHO HIV stage 3 or 4 after one year among the iron group was 10.9% vs.
12.5% for the no-iron group (p > 0.05) (Shet et al., 2015).

In an aforementioned observational analysis conducted as part of the TOV study, the association
of iron status with HIV disease progression was assessed during follow-up (Kupka et al., 2007).
Elevated SF (>150.0 ug/L) concentrations were not associated with risk of HIV disease progression
to WHO stage 4 (RR, 1.78; 95% CI, 0.68—4.64; p = 0.24) compared to low SF (<12.0 ug/L) in models
adjusted for Hb, CRP, wasting, and other markers of HIV disease progression.

CD4 T-Cell Counts

In the previously mentioned randomized trial in Malawi, children who received iron supplementa-
tion had significantly greater change in the percentage of CD4 T-cells from baseline to three months
of follow-up compared to children in the placebo group (3.86 + 12.15 iron vs. —1.45 + 14.28 placebo;
adjusted mean difference/prevalence ratio, 6.00; 95% CI, 1.84—10.16; p = 0.005), adjusted for base-
line Hb, bed nets, HAART status, CD4 T-cell counts at baseline, and history of prior blood transfu-
sion (Esan et al., 2013). As mentioned above, this randomized trial conducted in Malawi is the only
RCT to date that investigates iron supplementation alone among HIV-infected individuals. In the
aforementioned randomized uncontrolled (unblinded) trial among HIV-infected adults treated with
iron—dapsone vs. pentamidine (Salmon-Ceron et al., 1995), there was no significant difference in
mean CD4 T-cell count between treatment groups at baseline. Patients who received iron—dapsone
showed no increase in CD4 T-cell counts during the first three months after initiation of treat-
ment compared to patients who received only pentamidine (Jacobus, 1996). After a mean follow-up
period of 13 + 6.4 months, the mean CD4 cell count during the study was lower in the iron—dapsone
treatment group (49 = 61/mm?) than in the pentamidine group (83 + 88/mm?; p < 0.002, #-test).
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In a case-control study among 80 ART-naive, HI V-infected and 50 HIV-uninfected individuals,
in Ile Ife, Nigeria, CD4 T-cell count was inversely associated with serum iron levels (r = —-0.572; p
< 0.001) (Banjoko et al., 2012). In the aforementioned cohort study conducted among HIV-infected
adults in The Gambia, higher hepcidin concentrations correlated with lower absolute CD4 cell
counts. Log,,-transformed median hepcidin concentrations varied significantly across CD4 T-cell
count categories (p < 0.001) (Minchella et al., 2015):

e CD4 T-cell count < 200 cells/uL—62.8 ng/mL hepcidin (IQR, 18.5-175.9 ng/mL)
e CD4 T-cell count 200-500 cells/uL—46.5 ng/mL hepcidin (IQR, 3.9-87.3 ng/mL
e CD4 T-cell count > 500 cells/uL—20.2 ng/mL hepcidin (IQR, 1.7-44.8 ng/mL)

Anemia was also associated with lower CD4 T-cell counts at baseline, time of HIV diagnosis, with
anemia prevalence by CD4 T-cell count as follows: >500 cells/uL, 68%; 200-500 cells/uL, 73%;
<200 cells/uL, 89% (p = 0.032) (Minchella et al., 2015). Similar relationships among hepcidin,
anemia, and CD4 T-cell counts were also reported for an Indonesian population in which serum
hepcidin (nM) was inversely correlated with both absolute log CD4 T-cell counts (cells/mm?) (p <
0.001) and Hb concentration (g/dL) (p = 0.003) (Wisaksana et al., 2013).

In the previously noted study conducted among HIV-infected children in Bangalore, shorter
term (defined as three months) receipt of iron supplementation was not significantly associated with
changes in CD4 T-cell counts compared to no iron supplementation from baseline to one year: iron
group at baseline, 21.0% CD4; at one year, 26.5% vs. no-iron group at baseline, 20.5%; at one year,
26.0% (p > 0.05) (Shet et al., 2015). However, in analyses stratified by baseline anemia status, ane-
mic children (based on WHO criteria, children ages 6—59 months, Hb < 11.0 g/dL; 5-11 years, Hb <
11.5 g/dL; 212 years, Hb < 12.0 g/dL) were significantly more likely to have low CD4 T-cell counts
(<25%) compared to non-anemic children (anemic, 66.4%; non-anemic, 32.3%; adjusted odds ratio
[AOR], 3.20; 95% CI, 1.80-5.70; p < 0.001) in analyses adjusted for stunting (height for age z-score <
—2), antiretroviral therapy, low CD4 T-cell percent (<25%), viral load > 400 copies/mL, and vitamin
A deficiency (retinol binding protein < 0.7 p moles/L).

In an analysis of HIV-infected, ART-naive pregnant women in the TOV study, O’Brien et al.
(2005) found that both moderate (Hb = 8.5 to 10.9 g/dL) and severe (Hb < 8.5 g/dL) anemia were sig-
nificantly associated with time to a 50% decline in CD4 T-cell count in multivariate Cox proportional
hazards models, adjusted for baseline CD4 T-cell counts, WHO HIV disease stage, age, pregnancy,
treatment arm, and BMI: moderate anemia vs. no anemia (HR, 1.79; 95% CI, 1.38-2.33; p < 0.001)
and severe anemia vs. no anemia (HR, 1.59; 95% CI, 1.02-2.49; p = 0.04). Participants with hypo-
chromasia, with or without microcytosis, had significantly greater hazards of a 50% decline in CD4
T-cell counts, compared to individuals without hypochromasia or microcytosis (O’Brien et al., 2005).

In an analysis of the TOV study, Isanaka et al. (2012) found that severe maternal anemia (Hb <
8.5 g/dL), measured at six weeks postpartum and every six months thereafter, predicted lower CD4
T-cell counts among their children (difference in CD4 T-cell count/uL for severe anemia was —93;
95% CI, —204-17; p-trend = 0.02). Analyses were adjusted for maternal age, BMI, HIV RNA viral
load, CD4 T-cell counts, WHO HIV disease stage, malaria, number of previous births, adherence
with iron and folic acid supplementation, intervention arm in the vitamin study, and child’s time-
varying HIV-infection status.

HIV RNA Viral Load

Olsen et al. (2004) described data from a historical iron supplementation trial in western Kenya,
where 181 adults received 60 mg iron supplementation or placebo. The historical trial assessed the
effects of iron on helminth reinfection rates four months after baseline but did not publish data, and
current data were based on respository samples. After randomization of HIV-infected subjects (n =
45) between placebo and iron groups, baseline viral load was higher in the iron group compared to
the placebo group (log,, [geq/mL] 5.57 for iron vs. 4.93 for placebo; p = 0.02), despite no significant
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differences among the groups in levels of Hb, SF, or presence of infections. However, no significant
difference in viral load was found among the groups after four months of receiving 60 mg supple-
mentary iron (4.71 for iron vs. 4.21 for placebo; p-value not given) (Olsen et al., 2004).

In prospective analyses of various cohorts of HIV-infected individuals among 12 individuals
who became HIV-infected after plasma donation, a rapid increase in plasma HIV-1 RNA levels in
the acute phase of infection was associated with a significant increase in hepcidin (Armitage et al.,
2014). As part of the same study, among 17 HIV-infected men who have sex with men, hepcidin
levels during chronic HIV infection peaked in acute infection before stabilizing at setpoint viremia:
geometric mean hepcidin for day 0-60 was 47.8 ng/mL (95% ClI, 34.1-66.8; 42 samples measured),
and for day 89-366 was 33.9 ng/mL (95% CI, 22.7-50.8; 36 samples measured; p = 0.0378; paired
t-test; n = 17 pairs). Compared to HIV-uninfected individuals, HI V-infected individuals had approx-
imately twofold higher hepcidin levels throughout the chronic stage of infection (19.13 vs. 8.35 ng/
mL; p = 0.0089). Within this cohort, acute-phase proteins CRP and serum amyloid A (SAA) and
cytokines IL-10, IL-18, and TNF-alpha were higher in the HIV-infected group, whereas no differ-
ence in IL-6 was observed (Armitage et al., 2014).

In a prospective analysis in the TOV study, SF concentrations (ug/L), measured approximately
30 weeks after delivery, were directly associated with viral load measurements (copies/mm?) avail-
able from samples collected within four weeks of when the SF sample was collected (Spearman
rank correlation, 0.288; p < 0.01) (Kupka et al., 2007). After controlling for AGP and CD4 count,
Rawat et al. (2009) found that high SF (>45 pg/L) was associated with a two- to threefold increase
in viral load in non-anemic, HIV-infected women as compared to the low-SF group (<15 pg/L).
Relative HIV viral load in the high-SF group was 2.9 times that of the low-SF group (95% CI,
1.44-5.83). In an attempt to further control for elevated ferritin due to the presence of inflamma-
tion, the authors re-ran analyses excluding all women with elevated AGP values entirely, yielding a
greater than 2.5 times higher viral load among non-anemic women with high ferritin as compared
to the low-ferritin group (p = 0.023). These same results (increased SF associated with greater viral
load) were not apparent among anemic women; the authors speculated that this could have been due
to prioritization of iron for Hb formation and not for viral replication (Rawat et al., 2009).

In a cohort study assessing the health of women of reproductive age with pre- and post-HIV
infection in South Africa, as part of the CAPRISA Acute Infection Study, Hb concentrations at three
months post-infection were correlated with HIV viral load (p = 0.04), although the Hb concentra-
tions were not significantly associated at other time-points during follow-up (at infection, 6-month,
and 12-month follow-up) (p > 0.05) (Mlisana et al., 2008). Findings did not vary by anemia status.

Inflammatory Markers

Shet et al. (2015) found that there was no significant change in chronic inflammation among people
who received iron. Kupka et al. (2007) found that the correlation between SF and viral load (VL) was
stronger among women with elevated CRP (>10.0 mg/L). Rawat et al. (2009) found that the associa-
tions between SF and VL were attenuated when controlling for AGP, but SF and VL were still sig-
nificantly correlated. In women with elevated AGP (>1 g/L), there was no association between SF and
VL (B =0.191; p = 0.148). Similarly, Gordeuk et al. (2009) reported that HIV-infected individuals with
high dietary iron intake (defined as estimated life consumption of traditional beer > 1000 L) had lower
neopterin levels than HIV-infected individuals with low dietary iron (p < 0.0001). In another study,
Sarcletti et al. (2003) longitudinally assessed Hb levels in individuals taking ART over six months
and found an inverse relationship between Hb changes and neopterin, with decreasing neopterin lev-
els associated with increased Hb between start of ART and three and six months.

Co-infections and Other Clinical Morbidities

Several cross-sectional and case-control studies have been conducted to examine the links between
iron status and the occurrence of co-infections in HIV-infected populations; however, to date, only
one randomized controlled trial and four cohort studies have investigated the associations of iron
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supplementation with the risk of co-infections in HIV-infected individuals. One of these studies
examined hospitalizations for intercurrent infections as an outcome (Shet et al., 2015). In the afore-
mentioned cohort study conducted among children infected perinatally with HIV in Bangalore,
India, children provided with iron supplements for three months (3-mg/kg/day dose) and followed
for one year exhibited no significant difference in the absolute number of hospitalizations for inter-
current infections as compared to those who were not supplemented (Shet et al., 2015). The total
number of children (i.e, percent) in each group was not given. The remaining studies considered
iron supplementation in the context of co-infections involving either malaria or tuberculosis.

Malaria

In the aforementioned randomized trial among HIV-infected children in Malawi, iron supplemen-
tation was associated with increased risk of malaria at six months of follow-up (IR, 120.2 vs. 71.7;
adjusted IRR, 1.81; 95% CI, 1.04-3.16; p = 0.04) and at three months of follow-up (IR, 78.1 vs. 36.0;
adjusted IRR, 2.68; 95% CI, 1.08-6.63; p = 0.03) (Esan et al., 2013). In a cohort study conducted
in western Kenya among multiple cohorts of HIV-uninfected and HIV-infected pregnant women
over time, one enrollment period included provision of iron (200 mg ferrous sulfate three times
daily for the duration of the pregnancy) per the recommendations of the Ministry of Health. When
compared to an earlier enrollment period of no intervention at all, there was a similar prevalence of
placental malaria (adjusted odds ratio, 1.07; 95% CI, 0.86—1.32), adjusted for maternal HIV status,
gravity, interaction between HIV and gravity, age, place of residence (urban, semi-urban/rural),
ethnicity, and socioeconomic status (presence of electricity in the house). The authors did not moni-
tor viral load changes over the course of the supplementation during pregnancy. The effect of the
intervention did not differ by HIV status, with an HI V-infected adjusted odds ratio of 1.21 (95% CI,
0.67-2.19) and an HIV-uninfected adjusted odds ratio of 1.01 (95% CI, 0.78-1.31; p for interaction
term = 0.2), adjusted for the same variables, in addition to an interaction term between maternal
HIV status and period of enrollment equal to whether supplemented or not (van Eijk et al., 2007).

Tuberculosis

In the retrospective cohort study conducted in The Gambia among 196 patients (60.2% HIV-infected),
hepcidin in the highest quartile (>85.9 ng/mL) at HIV diagnosis was associated with greater inci-
dence of tuberculosis (TB) compared to the three lowest quartiles of hepcidin (<3.4, 3.4-22.1, and
22.1-85.9 ng/mL). The only significant predictors of TB incidence were hepcidin (IRR, 2.05; 95%
CI, 1.01-4.16) and HIV type (IRR, 2.10; 95% CI, 1.03—4.26) (Minchella et al., 2014). In the retro-
spective cohort study in Washington, DC, which examined the associations between iron grades in
bone macrophages and survival outcomes, HI V-infected individuals with higher iron grades (4-5)
in bone macrophages had significantly increased risk of TB infection and Mycobacterium avium
infection compared to lower iron grades (0-2) (de Monyé et al., 1999).

Maternal/Infant Hematologic Status and Child Health Outcomes

This review would not be complete without consideration of the relationships among maternal
iron/hematologic status, child iron/hematological status, and child health outcomes. Two studies
examined the associations between maternal iron status and pediatric outcomes, including infant
mortality, child growth, infection, breast milk viral load, and child CD4 T-cell counts. One study
examined the association between child iron status and HI'V-related health outcomes. In an analysis
of the TOV study, Isanaka et al. (2012) found that severe maternal anemia (<8.5 g/dL) in HIV-
infected women was associated with a twofold increase in the risk of child mortality (adjusted HR,
2.58; 95% CI, 1.66—4.01; p-trend < 0.0001), as compared to HI'V-infected mothers with no anemia.
Severe hypochromic microcytosis (hypochromasia > 25% and microcytic cells observed), as com-
pared to absent hypochromic microcytosis, was also associated with increased risk of child mortal-
ity (adjusted HR, 2.36; 95% CI, 1.27-4.38; p-trend = 0.001) (Isanaka et al., 2012). These analyses
were adjusted for maternal age, BMI at baseline (kg/m?), viral load at baseline (copies/mm?), CD4
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at baseline (cells/mL), WHO clinical stage at baseline (1, 2—4), malarial infection at baseline, par-
ity, prenatal compliance with iron and folic acid supplementation based on attendance, treatment
arm in the vitamin study, and child time-varying HIV infection status. However, maternal anemia
was not associated with risk of child total HIV transmission (defined as HIV transmission in utero,
intrapartum, or during breastfeeding), compared to mothers without anemia. Severe anemia had an
adjusted HR of 1.46 (95% CI, 0.91-2.33; p-trend = 0.08), and mild anemia had an adjusted HR of
1.43 (95% CI, 1.0-2.04; p-trend = 0.08) compared to no anemia. These two analyses were adjusted
for maternal age, BMI at baseline (kg/m?), viral load at baseline (copies/mm?), CD4 at baseline
(cells/mL), WHO clinical stage at baseline (1, 2—4), malarial infection at baseline, parity, prenatal
compliance with iron and folic acid supplementation based on attendance, and treatment arm in the
vitamin study.

In a cohort study conducted in Lusaka, Zambia, among 135 HIV-infected and lactating women
participating in the ZVITAMBO study, neither iron supplementation nor maternal Hb concentra-
tions was associated with breast milk HIV viral load (Phiri et al., 2006). In the study of perinatally
HIV-infected children 2 to 12 years of age in Bangalore, India, Shet et al. (2015) found no associa-
tion between iron supplementation of the children and child growth from baseline to one year of
follow-up. Improvements in WAZ and height for age (HAZ) were observed in groups that both did
and did not receive iron supplements. As previously reviewed, no difference in the number of hos-
pitalizations for intercurrent infections was observed between children who received and did not
receive iron. However, iron supplementation did decrease the prevalence of advanced WHO clinical
stages of HIV (defined as stages 3 and 4). In the iron-supplemented group, prevalence of advanced
WHO clinical stage decreased from 25.7% at baseline to 10.9% after one year of follow-up. In the
non-supplemented group, prevalence of advanced WHO clinical stage decreased from 16.7% to
12.5% after one year of follow-up (Shet et al., 2015).

Post-ART Era: Associations between Iron/Hematological Status with HIV-
Related Health Outcomes in the Context of ART and HAART

The role of iron in HIV-related health outcomes must be considered within the context of antiretrovi-
ral therapy, since antiretrovirals (ARVs) are known to differentially influence both iron metabolism
and HIV disease progression; for example, anemia is a known side effect of zidovudine (ZDV).
However, several observational studies have found ART to be associated with reduced risk of anemia
(Shet et al., 2009, 2012; Kruger et al., 2013). Longitudinal studies have also observed resolution of
anemia upon treatment with ARVs in adults (Kerkhoff et al., 2014) and pregnant women (Odhiambo
et al., 2016). It has been hypothesized that reducing viral load with ART reduces cytokine activity,
allowing erythroid progenitor cells to proliferate and thereby reducing anemia (Sarcletti et al., 2003).
In a nested cohort study among 852 HIV-infected patients (161 on ZDV, 628 on stavudine [d4T], and
63 on tenofovir [TDF]), ZDV was associated with severe anemia, and the greatest increase in Hb
was associated with stavudine (Parkes-Ratanshi et al., 2015). Different classes of ARVs are known to
also have different obstetric impacts on HIV-infected pregnant women. In this population, additional
health outcomes must be taken into account; for example, ZDV continues to be widely given to HIV-
infected pregnant women both alone (excluding in labor, when single-dose nevirapine is used) and in
combination with other ARVs (Sebitloane and Moodley, 2017). No trials have been conducted to date
to investigate the effects of iron supplementation on HIV-related outcomes in the context of ART.

In the cohort study in Bangalore, India, among perinatally HI V-infected children (43.3% on ART
at baseline), iron supplementation and ART were associated with lower prevalence of HIV disease
progression to WHO stages 3 or 4 during 12 months of follow-up compared to ART alone: WHO
stages 3 or 4 at baseline 25.7% with iron vs. 16.7% with no iron (p = 0.04); at one year, 10.9% with
iron vs. 12.5% with no iron (p > 0.05) (Shet et al., 2015). Iron supplementation was not associated
with improvement in growth or CD4 T-cell counts in analyses adjusting for ART (p > 0.05). Children
who were taking iron supplementation and ART also had greater increases in Hb concentrations dur-
ing follow-up compared to those taking ART alone (Hb change, 1.3 vs. 0.4 g/dL; p = 0.009).
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In a cohort study conducted among 58 HIV-infected children in Johannesburg, South Africa,
after 18 months on HAART (i.e., lamivudine, stavudine, efavirenz), no differences were seen in
CD4 T-cell counts, HAZ scores, BMI z-scores, or log viral load between iron-deficient (sTfR > 9.4
mg/L) and iron-sufficient children (p > 0.05) (Kruger et al., 2013). HAART duration was associated
with increased Hb concentrations during the follow-up period: baseline, 106 + 14 g/L; 6 months,
129 + 12 g/L; 12 months, 129 + 11 g/L; 18 months, 129 +9 g/L (p < 0.01 for baseline vs. 18 months;
p > 0.05 for all other comparisons). Although the prevalence of anemia declined from 31.7% to
3.8% from baseline to 18 months of follow-up, the prevalence of iron deficiency (sTfR > 9.4 mg/L)
increased from 15.2% to 37.2% (p < 0.01) during the same time period. Hemoglobin concentrations
and dietary iron intake were not significantly different between iron-deficient and iron-sufficient
children after 18 months on HAART.

A cohort study in 80 HIV-infected children (2 to 12 years old) in Bangalore, India, found that
children who did not initiate ART had significantly lower mean Hb concentrations (11.2 vs. 9.8
g/dL; p < 0.001) and greater odds of developing anemia (OR, 5.3; 95% CI, 1.7-16.3; p = 0.002)
compared to children who initiated ART and continued for at least six months (Shet et al., 2012).
The four comparison groups were (1) no treatment, (2) ART + iron, (3) ART alone, and (4) iron
alone. There was no statistically significant difference in CD4 percent or CD4 T-cell count when
comparing ART + iron to ART alone (p not given; 95% CI not given). However, the mean change
in percentage of CD4 T-cells (CD4%, according to study) among children taking ART + iron was
significant (mean, 5.45%; SE, 1.76; p < 0.01) compared to that of the no-treatment group. The mean
change among children taking ART alone was not significant (mean, 2.54%; SE, 1.79; p = 0.09)
compared to that of the no-treatment group. Among children taking iron alone, the mean change in
percent CD4 T-cell counts was not significant (mean, —0.73%; SE, 4.59; p = 0.87) compared to that
of the no-treatment group.

HIV/AIDS aNnD HEmATOLOGICAL OUTCOMES

HIV disease may contribute to the etiology of anemia and iron deficiency through a number of
mechanisms, such as infection of marrow stromal cells (Koka et al., 1999), impaired hematopoietic
progenitor cell growth (Moses et al., 1996), bone marrow pathologies, autoimmune hemolysis, and
intestinal blood loss (Coyle, 1997; Kreuzer and Rockstroh, 1997; Sullivan, 1998). Several case-
control and cross-sectional studies have noted an association between HI'V and adverse hematologi-
cal outcomes; however, few prospective studies have been conducted to examine the associations
of HIV and iron status over time. The search strategy presented in this chapter, which resulted in
68 studies overall, yielded one cohort study among adults and three cohort studies among mothers
and infants that examined the association of HIV infection and hematological status. Additionally,
four studies were found that assessed associations of antiretroviral therapy with hematological out-
comes. In the aforementioned CAPRISA Acute Infection Study prospectively examining iron bio-
markers in women at high risk of HI'V infection, development of HIV infection was associated with
a decline in Hb concentrations and an increase in the prevalence of anemia post-infection (mean
decline in Hb, 0.46 g/dL; SD, 1.09; anemia prevalence pre-infection, 25.0%; 3 months post, 52.6%;
6 months post, 61.1%; 12 months post, 51.4%) (Mlisana et al., 2008). A similar decline in mean
corpuscular volume (MCV) was noted from pre- to post-HIV infection (decline in MCV, 1.78 fL;
SD, 2.74), although mean SF concentrations increased from 65.13 ug/L to 79.09 pg/L during the
same time period.

HIV/AIDS and Maternal/Child Hematological and Other Relevant Outcomes

In a cohort study conducted among infants born to HIV-infected (n = 575) and HIV-uninfected
(n = 136) mothers participating in the ZVITAMBO study (i.e., only mothers, both HIV-infected
and HIV-uninfected, and infants assigned to the placebo group were included), the infants were
categorized into the following groups: (1) mother HIV-uninfected, baby HIV-uninfected (Nn); (2)
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mother HIV-infected, baby HIV-uninfected (Pn); and (3) mother HIV-infected, baby HIV-infected
(Pp) (Miller et al., 2006). Gestational age at delivery was similar among the three groups; however,
birthweight was slightly higher in HIV-uninfected infants born to HIV-infected mothers compared
to HIV-uninfected infants born to HIV-uninfected mothers: Pn birthweight 2969 g (SD, 464) vs.
Nn birthweight 2917 g (SD, 454) (p < 0.05). HIV-infected infants who were born to HIV-infected
mothers had the lowest mean birthweight: Pp birthweight 2830 g (SD, 462) vs. Pn birthweight 2969
g (SD, 464) vs. Nn birthweight 2917 g (SD, 454) (p = 0.03). There were no significant differences in
the proportion of low-birthweight infants among these groups. The prevalence of anemia (Hb < 105
g/L) was significantly higher in HIV-infected infants at 6 months (59.8% vs. 36.6%; p = 0.021) and
12 months of age (75.9% vs. 36.6%; AOR, 5.45; 95% CI, 2.22-13.4; p < 0.001), after adjusting for
birthweight. There were no significant differences in the prevalence of anemia at these time-points
when comparing Nn to Pn groups; however, at 6 weeks of age, sTfR was significantly higher in Pn
infants (4.1 mg/L; 95% CI, 4.0—4.3) compared to Nn infants (3.5 mg/L; 95% CI, 3.2-3.8; p = 0.001).

In a prospective analysis conducted as part of the TOV study among 829 HIV-infected and HIV-
uninfected children born to HIV-infected mothers, maternal WHO HIV stage 2 or greater was asso-
ciated with increased risk of anemia in children up into the first year of life compared to maternal
HIV stage 1 (RR, 1.31; 95% CI, 1.14-1.51; p < 0.05). Child HIV infection was also independently
associated with increased risk of anemia during 24 months of follow-up (RR, 1.61; 95% CI, 1.40—
1.85; p < 0.05). Children who had IDA (Hb < 8.5 g/dL with hypochromasia and microcytosis) had
significantly increased risk of death in the first 24 months of life (HR, 1.99; 95% CI, 1.06-3.72; p <
0.05). Similar observations were not noted for severe anemia alone (Hb < 8.5 g/dL) (HR, 1.38; 95%
CI, 0.96-3.61], p = 0.07) (Chatterjee et al., 2010). In an analysis in HIV-infected and HIV-uninfected
infants as part of the ZVITAMBO project, maternal HIV infection was associated with increased
total body iron (TBI) in infants at birth (p < 0.001) (Miller et al., 2003).

Post-ART Era: Associations between HIV/AIDS and Hematological
Status Outcomes in the Context of ART and HAART

Of the 68 studies included, 6 investigated the associations of ART with iron status. One of these
studies was categorized as an RCT, with the intervention being HAART (Widen et al., 2015). In an
observational analysis in a prevention of mother-to-child transmission (PMTCT) trial in Pune, India,
HIV-infected pregnant women taking ZDV (300 mg twice daily beginning at 36 weeks gestation,
duration > 2 weeks) had higher mean Hb values (11.5 vs. 11.3 g/dL; p = 0.02) and lower odds of anemia
(Hb < 10.0 g/dL) (OR, 0.28; 95% CI, 0.14—0.57; p < 0.01) at delivery compared to women not taking
ZDV (Sinha et al., 2007). However, women who took ZDV also had a significantly greater duration of
iron—folic acid supplementation as standard prenatal care (48 vs. 24.3 days; p < 0.01). Maternal ZDV
use was also associated with infant hematological status: Children born to women who took ZDV had
significantly lower Hb concentrations at birth and at 4 weeks of age compared to infants of mothers
who did not take ZDV: birth—ZDV, Hb = 16.5 g/dL (95% CI, 16.2-16.9) vs. no ZDV, Hb = 17.2 g/
dL (95% CI, 16.9-17.5; p = 0.02); 4 weeks—ZDV, Hb = 12.1 g/dL (95% CI, 11.4-11.9) vs. no ZDV,
Hb = 12.1 g/dL (95% CI, 1.19-12.3; p = 0.03). Maternal ZDV was also associated with lower mean
corpuscular volume in infants at 4 weeks of age, and no infants had clinical anemia at any time-point.

In a nested cohort study that examined stored plasma from 138 initially HAART-naive, HIV-
infected patients who participated in the STACCATO HAART (stavudine [d4T]/didanosine [ddI]
plus ritonavir-boosted saquinavir) interruption trial in Thailand, low baseline serum ferritin (<30.0
pg/L) was associated with a shorter time to meeting criteria for HAART interruption (CD4 T-cells >
350 cells/uL) (Boom et al., 2007). HAART interruption was also associated with decline in SF (—8.8
ng/mL; IQR, —65.9-10.5; p = 0.0005) and MCV (-5.3; 95% CI, -9.9 to —2.7; p = 0.0002) during the
interruption phase; however, 62% of patients with higher baseline SF had elevated concentrations
(>200 ng/mL) during the interruption phase. Notably, in assessing whether ferritin was affected by
inflammation, the authors found no significant differences between mean CRP levels in individuals
with low and high baseline SF (p = 0.15).
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In a cohort study conducted among 838 HIV-infected adults in Tanzania, Hb concentrations
were assessed pre- and post-ART initiation (zidovudine/stavudine + lamivudine + efavirenz/nevi-
rapine) (Johannessen et al., 2011). In the substudy on ART and anemia, 102 non-pregnant patients
were anemic at ART initiation (Hb < 12 g/dL for women, < 13 g/dL for men) and had a follow-up
Hb measurement 12 months post-ART initiation, having been given the following regimens: 62
patients (60.8%) stavudine + lamivudine + nevirapine; 17 patients (16.7%) stavudine + lamivu-
dine + efavirenz; 16 patients (15.7%) zidouvine + lamivudine + nevirapine; and 7 patients (6.9%)
zidovudine + lamivudine + efavirenz. Over one year, mean Hb concentrations increased by 2.5 g/
dL (p < 0.001) in these 102 patients, with the greatest in change in Hb (+4.6 g/dL) being found in
patients with severe anemia at ART initiation. In patients with moderate anemia at ART initiation,
the change in Hb concentration was +3.0 g/dL; in patients with mild anemia at ART initiation,
the change was +1.8g/dL. However, 38.2 % of these 102 patients were still anemic after one year.
Taking ZDV initially was associated with increased odds of persistent anemia (defined as anemic
after 12 months of ART) (OR, 2.91; 95% CI, 1.03-8.19; p = 0.043). Low mean cell volume (<76.0
fL) at ART initiation was also associated with increased odds of persistent anemia (OR, 2.91; 95%
CI, 1.03-8.19; p > 0.05). The study also measured Hb after one year in 18 patients who did not initi-
ate ART: Individuals who did not initiate ART had sixfold greater odds of persistent anemia after
one year (OR, 5.99; 95% CI, 1.82-19.8; p = 0.003) compared to individuals who did initiate ART.

In prospective analyses among 10 children with advanced HIV disease (clinical class B or C and
immunological class 3 according to the Centers for Disease Control and Prevention [CDC]), serum
iron was assessed at enrollment and at three months and six months of HAART therapy, comprised
of 400 mg/m? ritonavir every 12 hours in combination with stavudine and lamivudine (five children),
zidovudine and lamivudine (three children), and stavudine and didanosine (two children). Difference
in serum iron (ug/dL) between baseline and three months was significant, as well as between baseline
and six months (p < 0.05) (graph shown but no numbers given) (Canani et al., 1999).

The BAN study conducted in Lilongwe, Malawi, randomized 2369 mothers and infants to one of
the following 28-week interventions at delivery: (1) HAART (n = 425); (2) lipid-based nutrient supple-
ment (LNS) (140 g/day) (n = 334); (3) HAART and LNS (n = 424); or (4) no HAART or LNS (control;
n = 334) (Flax et al., 2015). HAART consisted of the following combination regimens: the first-line
drug was a combination of lamivudine + zidovudine; the second-line drug was nelfinavir; and, last,
lopinavir + ritonavir was used. Iron—folic acid (40 mg elemental iron and 0.25 mg folic acid given
daily) was given to all mothers from the first visit during pregnancy through one week postpartum.

In analyses among 537 HIV-infected Malawian mothers (CD4 T-cells > 200 cells/uL) and their
infants in the BAN study, maternal HAART alone, without LNS, was associated with increased risk
of tissue iron depletion (STfR > 8.3 mg/L) at 24 weeks postpartum (RR, 3.1; 95% CI [1.32-7.32], p
= 0.01), compared to the control group. However, maternal HAART, without LNS, was not associ-
ated with increased risk of depleted iron stores as measured by ferritin (<15 ng/mL) at 24 weeks
(RR, 0.99; 95% (I, 0.68—1.44; p = 0.94) and was not associated with risk of anemia (Hb < 120 g/L)
at 24 weeks (RR, 1.14; 95% CI, 0.78-1.68; p = 0.49) compared to the control group. Women who
received HAART and LNS did not have an increased risk of iron deficiency at 24 weeks postpartum
compared to the control group (Widen et al., 2015). HAART was not associated with infant iron
deficiency during 24 weeks of breastfeeding. In analyses among 690 lactating women in the BAN
study, HAART (protease inhibitor-based triple therapy) was not associated with ferritin or Hb con-
centrations but was associated with greater sSTfR concentrations (suggesting poorer iron status) and
lower plasma folate concentrations (—12%; p = 0.04) (Flax et al., 2015).

DISCUSSION

Iron deficiency and anemia are common among HIV-infected individuals, and both low and high
iron stores have been associated with increased risk of HIV disease progression and other adverse
HIV-associated outcomes. Iron supplementation is the standard of care in the treatment of iron
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deficiency and anemia. However, several factors complicate the use of iron supplementation in HIV-
infected individuals. Cell-based studies have found that iron promotes HIV growth and replication
(Chang et al., 2015), and pathology-based studies have found associations between tissue iron and
the prevalence of HIV-associated infections, including TB (Moyo et al., 1997; Gangaidzo et al.,
2001; Lounis et al., 2001; McDermid et al., 2013). Studies have also observed decreased HIV repli-
cation and proliferation with iron chelators (Shatrov et al., 1997; Georgiou et al., 2000, 2002; Meyer,
2006; Debebe et al., 2007). Epidemiological studies have also observed that higher iron stores inde-
pendently predict HIV-related mortality, and some studies have noted that prolonged iron supple-
mentation may increase disease progression in individuals at an advanced stage of disease (Jacobus,
1996). However, HI V-infected individuals with anemia have poorer prognoses than HIV-infected
individuals without anemia. Due to evidence suggesting a “double-edged sword”—the association
between iron and advanced HIV/AIDS (Clark et al., 2001)—the use of iron supplementation for
HIV-infected individuals warrants caution.

EVIDENCE FROM TRIALS ON IRON SUPPLEMENTATION

The safety and efficacy of iron supplementation for HIV-infected individuals has not been exten-
sively studied through randomized trials. To date, only one randomized trial has been conducted
with the explicit purpose of assessing the effects of iron supplementation without other micronutri-
ents on health outcomes in HIV-infected populations. Among HIV-infected children with moderate
anemia (7.0-9.9 g/dL Hb), iron supplementation was not associated with worsened HIV disease
progression but was associated with increased risk of malaria (Esan et al., 2013); however, findings
from a randomized study suggest that iron supplementation in patients at later stages of disease may
worsen disease progression (Salmon-Ceron et al., 1995; Jacobus 1996). A recent analysis of a his-
torical, randomized, low-dose iron supplementation trial conducted in 1994 found that low-dose (60
mg) iron supplementation provided twice weekly for four months did not increase viral load (Olsen
et al., 2004). A randomized trial of iron supplementation in combination with other micronutrients
(iron + micronutrients vs. micronutrients alone) in HIV-infected female drug users indicated that
iron reduces anemia without increasing HIV RNA levels (Semba et al., 2007). To date, the majority
of evidence regarding the association between outcomes in iron and hematological status with HI'V/
AIDS comes from observational studies. Findings from these studies consistently suggest that HIV
is associated with worsened hematological outcomes, including anemia, although findings from
observational studies regarding the association between iron and hematological status with HIV-
related outcomes are less consistent.

EVIDENCE FROM OBSERVATIONAL STUDIES

Outcomes Related to HIV Disease Progression and HIV-Related Mortality

There is strong and consistent evidence that anemia is associated with increased risk of HI'V disease
progression and HIV-related mortality (Eley et al., 2002; Mugisha et al., 2013). Studies from the
TOV study have consistently found that anemia in HI V-infected women is associated with increased
risk of mortality and that the greater the severity of anemia, the greater the risk of mortality (O’Brien
et al., 2005; Kupka et al., 2007; Chatterjee et al., 2010; Isanaka et al., 2012). Cohort studies have also
found that anemia among HIV-infected children (Shet et al., 2015) and among adults (Minchella et
al., 2015) is associated with disease progression, as measured by CD4 T-cell counts.

The association between elevated iron stores with HIV disease progression and HIV-related
mortality is less clear, and no randomized trials have been conducted to assess this associa-
tion. Observational cohort studies have found associations between elevated iron stores, as mea-
sured by SF, and both HIV-related and all-cause mortality (Gordeuk et al., 2006; McDermid et
al., 2007; McDermid et al., 2009; Rawat et al., 2009). Elevated hepcidin has also been associated
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with HIV-related TB (Minchella et al., 2014) and mortality (Minchella et al., 2015) in cohort stud-
ies. Case-control studies have also found associations between higher serum hepcidin and patients
with detectable viral load compared to lower hepcidin levels in patients with undetectable viral load
(Malvoisin et al., 2014) and an inverse relationship between serum hepcidin and CD4 T-cell count
(Wisaksana et al., 2013). A cohort analysis of ZVITAMBO found associations between SF above
45 pg/L and increased viral load, and between higher SF and mortality when controlling for AGP
(Rawat et al., 2009). A cross-sectional analysis found inverse associations between ferritin levels
and CD4 T-cell count (Lépez-Calderdn et al., 2015). However, in an analysis of the TOV study, high
SF, as compared to low SF, was not associated with a greater risk of mortality (Kupka et al., 2007).
Additionally, a study among 135 anemic patients (42 HIV-infected, 93 HIV-uninfected) found no dif-
ference in SF levels between HIV-infected and HIV-uninfected individuals (Camacho et al., 1992).

Outcomes Related to Iron and Hematological Status

There is strong and consistent evidence from observational epidemiological studies and laboratory
studies that HIV is associated with increased risk of anemia. Case-control studies have consistently
found that anemia is more prevalent among HIV-infected children than HIV-uninfected children
(Totin et al., 2002; Miller et al., 2006). Evidence from cohort studies also provides support that HIV
is associated with increased risk of anemia; however, findings also suggest that HIV is associated
with elevated iron stores (Banjoko et al., 2012; Visser and Mostert, 2013), although the directional-
ity of this association is unclear from observational studies.

Outcomes Related to Maternal, Infant, and Child Health

To date, no randomized trials have assessed the impact of maternal iron supplementation in HIV-
infected mothers on infant iron and/or HIV status. Most evidence regarding the association between
iron supplementation and HIV relating to maternal and child health comes from observational stud-
ies. Studies included in this review suggest that, although maternal anemia may lead to adverse
HIV-related neonatal and infant outcomes, the long-term effects of maternal iron supplementation
on child health are unclear. An analysis of the TOV study found that maternal anemia among HIV-
infected mothers was associated with the risk of child HIV infection and an increased risk of child
mortality compared to those without maternal anemia (O’Brien et al., 2005). One cohort study
found that receipt of iron supplementation in the postpartum period did not increase the HIV RNA
viral load in breast milk (Phiri et al., 2006). A cohort study that examined the association between
maternal iron supplementation in mothers infected with HIV and infant outcomes found no adverse
health outcomes with regard to HIV disease progression (Shet et al., 2015). However, the evidence
for providing maternal iron supplementation is weak, and further research is needed to identify how
iron supplementation in HIV-infected mothers may affect infant HIV status.

Post-ART Era

Certain ARVs are known to impact iron metabolism. ZDV is known to decrease Hb levels, impair
iron metabolism, and increase the risk of anemia (Ezechi et al., 2013; Phe et al., 2013). Maternal
ARVs have been shown to decrease infant Hb levels (Bae et al., 2008; Dryden-Peterson et al., 2011).
A large-scale study assessing differences in incidence of severe anemia among HIV-uninfected
infants born to HIV-infected mothers on various in utero and postnatal ARV regimes, all of which
included ZDV, found that most cases of infant anemia were resolved with cessation of ZDV or with
provision of multivitamin and iron supplementation (Dryden-Peterson et al., 2011). However, one
study found that, although maternal initiation with ZDV increased the risk of anemia among new-
borns, ZDV unexpectedly decreased the risk of maternal anemia at the end of pregnancy (Pinnetti et
al., 2011). There is consistent evidence that iron supplementation may be warranted in HI V-infected
individuals taking HAART, which has generally been shown to improve hematological status and
increase Hb levels (Masaisa et al., 2011). There is moderately strong and consistent evidence that
HAART, combined with iron supplementation, improves HIV and hematological status more than
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HAART alone (Shet et al., 2015). Further research is needed to assess the impact of combined iron
supplementation and HAART together on HIV-related health outcomes, as well as the association
between HAART and iron/hematological status.

ResearcH GAPs

Findings from this review highlight the need for further research to elucidate the directionality of
the association between HIV-related health outcomes and iron/hematological status. The majority of
studies to date that assess this association are observational. The most recent Cochrane Systematic
Review (Adetifa et al., 2009) concluded that there was weak evidence from observational stud-
ies and expert opinions that iron supplementation should be provided to HIV-infected children.
Since then, one randomized trial in anemic HIV-infected children has been conducted (Esan et al.,
2013). Iron supplementation was found to protect against the progression to AIDS in children and,
therefore, may be recommended in children; however, further research is needed to assess whether
this recommendation would apply to adults and pregnant women living with HIV, as well as to
populations living in areas where other infections, such as TB, are endemic. No randomized trial
has observed a relationship between iron supplementation and incidence of TB in an HIV-infected
population. Further research is also needed to assess the proper dosage and timing of iron supple-
mentation that would reduce anemia and not result in adverse HIV-related health outcomes.

IMPLICATIONS FOR CLINICAL CARE AND PUBLIC HEALTH PRACTICE

Iron and hematological abnormalities are prevalent in HIV-infected individuals and have been
associated with increased risk of adverse health outcomes. Iron supplementation is the standard of
care for iron deficiency and anemia. Based on evidence from observational studies, the safety and
efficacy of therapeutic iron in individuals with HIV likely vary by population and location. The
one randomized trial to date, which assessed the safety of iron supplementation in HIV-infected
anemic children in a malaria-endemic region, found that iron reduced progression to AIDS yet
increased the risk of malaria. Other randomized trials, including trials of iron and other micronutri-
ents, have found beneficial effects of iron supplementation on hematological status in HI'V-infected
individuals, both on ART and ART-naive patients. However, further research is urgently needed to
assess the safety of therapeutic iron in adult populations, in pregnant women, and in populations
where other infections are endemic. To date, randomized trials have demonstrated the benefit of
iron supplementation in combination with ART on HIV disease progression and HIV-related health
outcomes. Current evidence supports the use of iron supplementation at the single RDA level for
HIV-infected and anemic individuals on ART.
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INTRODUCTION
BACKGROUND

In 1981, rare opportunistic infections (Kaposi’s sarcoma and Prneumocystis carinii pneumonia) were
reported as clinical cases (Gottlieb et al., 1981) and later identified as acquired immunodeficiency
syndrome (AIDS). Worldwide, 39 million deaths are cumulatively related to AIDS (UNAIDS, 2014),
and 36.9 million individuals were living with HIV in 2014 (UNAIDS, 2015). Despite substantial
progress, including increased global access to antiretroviral therapy (ART), the burden of disease
from HIV disproportionately affects individuals in low- and middle-income countries (United
Nations, 2015). The remaining major challenges in HIV prevention and treatments have heightened
interest in the roles of treatment adjuncts, such as micronutrient supplementation. In certain resource-
limited settings with higher prevalence of HIV, individuals often face the additional challenges of
malnutrition (including vitamin D deficiency) and food insecurity (United Nations, 2015).
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Suboptimal vitamin D status is considered by some as the most common medical condition glob-
ally (Holick, 2010); however, estimates of deficiency prevalence range widely (6 to 100%) among
individuals living with HIV (Orkin et al., 2014). Aside from the established role of vitamin D in
skeletal health, the immunomodulatory effects of vitamin D have more recently been recognized
(Cantorna et al., 2004; Baeke et al., 2010; Cantorna, 2010; Hewison, 2012; Prietl et al., 2013). In
the early 1980s, studies identified a nuclear receptor in immune cells (including lymphocytes and
monocytes) (Bhalla et al., 1983; Provvedini et al., 1983), which binds specifically to the biologically
active vitamin D metabolite. Furthermore, other key laboratory findings (Wang et al., 2004; Liu et
al., 2006, 2007, Adams and Hewison, 2008) corroborated the dynamic interaction between vitamin
D and the human host response against infectious diseases.

Separately, other studies have provided mechanisms of how certain ART pharmacokinet-
ics could result in vitamin D deficiency (Dao et al., 2011; Yin and Stein, 2011). One non-nucleo-
side analog reverse transcriptase inhibitor (efavirenz [EFV]) induces cytochrome P450 enzymes
(Vrouenraets et al., 2007), including CYP24 (Landriscina et al., 2008). CYP24Al is a key enzyme
in vitamin D metabolism that degrades the physiologically active vitamin D metabolite 1,25(0OH),D
to 24,25(0OH),D (Jones et al., 2012). Over the past two decades, a number of published case reports
have documented a link between vitamin D status and patients with HIV/AIDS on ART (Playford
et al., 2001; Gyllensten et al., 2006; Kumar et al., 2012).

Preliminary evidence supports the complex associations between vitamin D and HIV (including
host immunity and treatments); however, a number of research gaps remain. Therefore, our objec-
tive was to review current evidence of the bidirectional linkages between vitamin D and HIV/AIDS,
including clinical health outcomes and ART treatments.

METHODS

We searched PubMed with “(HIV or AIDS) and vitamin D” as search terms and the restrictions
of publication date (on or prior to June 30, 2015) and language (English; n = 511) (Figure 4.1).
Inclusion screening criteria included (1) vitamin D (e.g., serum or plasma concentration, treatment
regimen, exogenous administration in laboratory studies); (2) HIV infection and/or exposure status
of study participants (or simian immunodeficiency virus [SIV] in animal studies); (3) outcomes
related to morbidity and mortality; and (4) intervention studies, including randomized controlled
trials (RCTs). A number of studies that satisfied the first three criteria were highlighted, although
not comprehensively included, in this review. We included randomized controlled trials with study
participants receiving treatment regimens other than vitamin D (such as ART) if individuals were
living with HIV and vitamin D status was measured. Exclusion criteria included case reports, pub-
lications without primary data (such as literature reviews, editorials, letters), and studies that only
reported outcomes directly related to skeletal health (and not vitamin D).

OVERVIEW

Broadly, this review addressed three themes: (1) the association between vitamin D and HIV, (2)
vitamin D supplementation among individuals with HIV, and (3) linkages between ART and vita-
min D among individuals living with HIV. The first theme highlights some in vitro and ex vivo labo-
ratory studies (including animal models, human cell lines, and cultures) and observational human
studies. The second theme focuses on 25 intervention studies with vitamin D supplementation.
The third theme includes two RCTs that randomly assigned ART among individuals with HIV
and assessed vitamin D. Finally, the last section of this chapter discusses some key limitations and
research gaps.



Vitamin D and HIV 155

PubMed search
Articles in English and published
on or before June 30, 2015

(n=511)
Not primary data Not relevar{t to*focus
(e.g., editorial letters, of review
reviews)* + No HIV (e.g,, not among
individuals with HIV,
not relevant to HIV)
" « Vitamin D not assessed
Case reports™ 1= « Associations of interest
not reported
Screened studies
In vitro and ex vivo Observational
laboratory studies* studies*
Human cell Intervention
culture* (n=27)
|
Vitamin D supplementation ART intervention
(n =25) n=2)

* Several studies excluded for multiple exclusion criteria.

FIGURE 4.1 Study selection. Search terms: ((“hiv’[MeSH Terms] OR “hiv”’[All Fields]) OR (“acquired
immunodeficiency syndrome”’[MeSH Terms] OR (“acquired”’[All Fields] AND “immunodeficiency”’[All
Fields] AND “syndrome”[All Fields]) OR “acquired immunodeficiency syndrome”[All Fields] OR “aids”[All
Fields])) AND (“vitamin d”[MeSH Terms] OR “vitamin d”’[All Fields] OR “ergocalciferols”’[MeSH Terms]
OR “ergocalciferols”[All Fields]) AND (“0001/01/01”[PDAT] : “2015/06/30”[PDAT]) AND English[lang].

ASSOCIATION BETWEEN VITAMIN D AND HIV

ANIMAL MODELS

Two primate studies found that simian immunodeficiency virus (SIV) infection was associated with
decreased vitamin D serum concentrations (two weeks post-infection) (Kewenig et al., 1999), as
well as vitamin D-binding protein during acute infection (Wiederin et al., 2010). HIV transgenic
mice had reduced vitamin D receptor (VDR) expression in proximal tubular epithelial cells com-
pared to control mice (FVB/N) (Salhan et al., 2012).

HumaN CELL LINE STUDIES

Several in vitro studies with leukemia—lymphoma cell lines assessed the effects of vitamin D on
indicators of HIV-1 transmission and disease severity, including U937 promonocytic (Pauza et al.,
1993; Biswas et al., 1998) and HL-60 promyelocytic cell lines (Schlesinger et al., 1989; Kitano et al.,
1990, 1993). In two studies, U937 cell clones with 1,25-dihydroxyvitamin D, pretreatment showed
increased HIV-1 viral replication (Biswas et al., 1998; Pauza et al., 1993), proviral DNA (Biswas et
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al., 1998), and CXCR4 expression (Biswas et al., 1998). In studies with HL.-60 cell lines, the pres-
ence of 1,25(0OH),D; (prior to HIV infection) delayed the induction of viral production (Kitano et
al., 1993) and increased HIV virus production (Kitano et al., 1990). Additionally, 1,25-dihydroxyvi-
tamin D; downregulated the expression of CD4 surface antigens in HL-60 cells (Schlesinger et
al., 1989). Separately, another study found that 1,25(0OH),D; increased replication of monocyte-
and lymphocyte-tropic HIV-1 strains (as much as 10,000-fold) in monocyte cell lines (BT4A3.5),
peripheral blood monocytes, and mononuclear cells (Skolnik et al., 1991). Finally, another study
found that VDR activated the HIV-1 long terminal repeat (LTR) in U937, HeLa, and Cos-1 cells
(Nevado et al., 2007). HIV-1 LTR is transcribed during a key step for viral replication.

Separately, human leukemia—lymphoma cell line studies have considered the role of cytokines
in the link between vitamin D and HIV. One study indicated that cytokines modulated the inter-
action between vitamin D and HIV replication (Goletti et al., 1995). 1a,25-Dihydroxyvitamin
D;-stimulated cell differentiation only induced HIV viral expression with tumor necrosis factor
alpha (TNF-o) (Goletti et al., 1995). In contrast, vitamin D5 inhibited HIV expression when other
cytokines (gamma interferon, interleukin-6, granulocyte—macrophage colony-stimulating factor)
were present (Goletti et al., 1995). Pretreatment of vitamin D among U1 human macrophages of peo-
ple living with HIV promoted an innate immune response (TNF release, IkB degradation, NF-xB
nuclear translocation) to Mycobacterium tuberculosis exposure compared to no vitamin D treat-
ment (Anandaiah et al., 2013). IFN-a and -f inhibited HIV production, which was greater among
U937 cells with vitamin D; relative to those without (Locardi et al., 1990). Another study with
HIV-infected (HL-60) cells showed that anti-TNF antibodies blocked the ability of 1,25(0OH),D; to
induce viral replication (Kitano et al., 1993).

HuMAN CeLL CULTURE STUDIES

A number of human cell culture studies have focused on the association between vitamin D and
HIV, including the role of vitamin D receptor (VDR). VDR polymorphisms (rs1544410_GG,
rs1544410_AA) were associated with altered (1) response to vitamin D; in cell differentiation mark-
ers (CD14 inhibition, CD209 induction), and (2) HIV-1-LTR reporter gene activity with vitamin D;
presence (Torres et al., 2010). This finding was supported by previous literature, including compu-
tational (Tastan et al., 2009) and cell line studies (Nevado et al., 2007). Other human cell culture
studies more specifically focused on the bidirectional relationship between vitamin D and HIV and
addressed the following questions: (1) How does vitamin D affect HIV (including disease progres-
sion and host response, as well as in the context of other comorbidities)? and (2) How does HIV
infection affect vitamin D metabolism?

How Does Vitamin D Affect HIV?

A number of studies considered the effects of vitamin D (pretreatment or blood concentration) on
HIV-related outcomes in leukocytes isolated from patients. Some studies involved cell cultures
from patients with HIV infection, or no infection (to assess HIV exposure). HIV outcome indicators
included (1) HIV disease progression and severity (HIV-1 infection, viral replication), (2) immuno-
logical and cellular responses to HIV (autophagy), and (3) other comorbidities (tuberculosis).

HIV Disease Progression and Severity

Studies that pretreated monocytes or macrophages with vitamin D, (1,25(OH),D;, including its
analog 1,25(0OH),-16-ene-23-yne-26,27-F¢-D;) and subsequent HIV infection reported inconsistent
findings. 1,25(OH),D pretreatment of freshly isolated blood monocytes reduced HIV-1 infection
(Connor and Rigby, 1991) and inhibited HIV viral replication (Pauza et al., 1993) in two studies.
In contrast, other studies reported that vitamin D, and analogs enhanced HIV infection 3.5-fold
(Kizaki et al., 1993) and that there were no effects of 25-hydroxyvitamin D (25(OH)D) on HIV-1
production or CD4 expression (Connor and Rigby, 1991).
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Immunological and Cellular Responses to HIV

Several human macrophage studies have established a potential autophagic mechanism involving
1,25(0OH),D; inhibition of HIV. Physiological concentrations of 10,,25(0OH),D; induced autophagy
(in a mechanism dependent on phosphatidyl 3-kinase, ATG-5, and Beclin-1), which has a dose-
dependent inhibition of HIV-1 replication (Campbell and Spector, 2011). Subsequent studies delin-
eated the role of an antimicrobial peptide (cathelicidin), which further corroborated the previous
result. The activation of toll-like receptor (TLR) 8 was associated with increased expression of
cathelicidin, vitamin D receptor (VDR), and cytochrome P450, family 27, subfamily B, poly-
peptide 1 (CYP27B1) (Campbell and Spector, 2012a). Physiological concentrations of 1,25-dihy-
droxycholecalciferol induced cathelicidin (LL37) production and autophagy in macrophages from
patients with HIV-tuberculosis (TB) co-infections (Campbell and Spector, 2012b). Moreover,
another study confirmed that the inhibition of HIV replication occurred via an autophagic pathway
dependent on vitamin D and cathelicidin (Campbell and Spector, 2012a). Several studies found
that vitamin D improved the function (motility, maturation, activation) of monocytes and mac-
rophages. In monocytes from patients with AIDS, the exogenous administration of 1,25(0OH),D,
improved migratory capacity, which was related to a chemoattractant (formyl peptide [FMLP]) and
its receptor (Girasole et al., 1990). Separately, in monocytes from individuals with HIV infections
(symptomatic and asymptomatic), 1,25(OH),D was associated with improved growth and matura-
tion (Haug et al., 1996); a negative correlation was observed between response to 1,25(0OH),D and
CD4+ lymphocyte counts in the blood of patients with HIV. In another study involving peripheral
blood monocytes/macrophages of patients with HIV, the addition of vitamin D-binding protein
(Gc protein) macrophage-activating factor (MAF) resulted in monocyte/macrophage activation
(Yamamoto et al., 1995).

Other Comorbidities

Three studies considered the role of vitamin D in Mycobacterium co-infections with HIV. Among mac-
rophages with HIV-TB co-infection, physiological concentrations of 1o.,25-dihydroxycholecalciferol
(1,25(0OH),D5) inhibited replication of HIV and TB via an autophagic mechanism dependent on
cathelicidin and phagosomal maturation (Campbell and Spector, 2012¢). Additionally, authors con-
firmed that the autophagic flux involves cAMP and phagosomal maturation (not only autophagy)
(Campbell and Spector, 2012b). Separately, another study found that 1,25(0OH),D supplementa-
tion resulted in decreased or no change in bacterial replication of Mycobacterium avium complex
(MAC) in macrophages of individuals with HIV; however, 1,25(0OH),D increased bacteria in cells
of individuals without HIV (Haug et al., 1998a).

How Does HIV Infection Affect Vitamin D Metabolism?

Several studies considered the effects of HIV infection on vitamin D and key factors in vita-
min D metabolism, including VDR. One study with monocytes (from human patients) showed
that, in the presence of 25-hydroxyvitamin D;, the pl7 matrix protein of HIV-1 is able to induce
la-hydroxylase activity and fructose 1,6-bisphosphatase gene expression (Besancon et al., 1997).
Given the structural similarities between pl7 and interferon-gamma (IFN-y) and shared function
in inducing lo-hydroxylase, the authors posited that their findings suggest that pl7 and IFN-y
facilitate selective conversion of 25-hydroxyvitamin D, to 1,25-dihydroxyvitamin D, (Besancon et
al., 1997). Separately, in an epigenetic study considering the effects of HIV-induced methylation
of vitamin D receptor on T cells, HIV-infected T cells showed increased VDR-cytosine—phos-
phate—guanine (CpG) dinucleotide methylation and DNA-(cytosine-5-)-methyltransferase-3-beta
(Dnmt3b) expression, but reduced VDR expression (Chandel et al., 2013). The authors suggest
that VDR methylation (by HIV) is one factor that mediates T-cell apoptosis through the reactive
oxygen species (ROS) response.
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OBSERVATIONAL STUDIES AMONG INDIVIDUALS LIVING wiTH HIV

For this section, we included any studies that reported (1) cross-sectional or baseline data, regard-
less of the overall study design (such as randomized control trials and observational studies with
longitudinal data); and (2) associations between vitamin D and health indicators among individuals
living with HIV.

Vitamin D Status

Over 160 studies have assessed vitamin D status among individuals living with HIV. Most stud-
ies were conducted among individuals in North America (United States and Canada) or Europe
(including Spain, Italy, France, Norway, Denmark, Belgium, Germany, Netherlands, United
Kingdom, Austria, Switzerland, and Slovenia). Other studies included individuals residing in Africa
(Zimbabwe, Uganda, Malawi, Tanzania, Guinea Bissau, and South Africa), Asia (Thailand, India,
China, Cambodia, Nepal, Turkey, Israel, and Iran), South America (Brazil and Colombia), and
Australia. Assessments of vitamin D status included radioimmunoassays (RIAs), chemilumines-
cence immunoassays (CLIAs), liquid chromatography/mass spectroscopy/tandem spectroscopy
(LC/MS/TS), high-performance liquid chromatography (HPLC), enzyme-linked immunosorbent
assays (ELISA), enzyme immunoassays (EIA), electrochemiluminescence immunoassays (ECLIA),
competitive binding assays (CBAs), and automated immunoassays. Study population sizes ranged
widely, from 16 to 2994 individuals (Jaeger et al., 1994; Allavena et al., 2012). Among in vivo studies
reporting blood concentrations of vitamin D, a smaller proportion of studies were among infants,
children, and adolescents (<18 years).

From available data of 25(OH)D concentrations in plasma or serum of study populations (or
subpopulations), mean (8.1-61.8 ng/mL) and median (6—57 ng/mL) levels included wide ranges.
1,25(0OH),D concentrations ranged considerably also, based on mean (22.3-56.0 pg/mL) and median
(22-97 pg/mL) values. Although definitions of low vitamin D status (deficient, insufficient) var-
ied across studies, common 25(OH)D cut points were between 10 and 30 ng/mL (or, equivalently,
between 25 and 75 nmol/L).

Several studies found lower vitamin D status (or greater deficiency) among people with HIV
compared to those with no infection (Teichmann et al., 2003; Madeddu et al., 2004; Garcia Aparicio
et al., 2006; Ross et al., 2011; Rutstein et al., 2011; Li Vecchi et al., 2012). In contrast, two studies
observed that HIV infection was associated with higher vitamin D (or lower vitamin D deficiency)
(Adeyemi et al., 2011; Ormesher et al., 2011; Friis et al., 2013; Lambert et al., 2014). Also, other stud-
ies reported no differences in vitamin D between subgroups stratified by HIV status (Stephensen et
al., 2006; Friis et al., 2008; Sherwood et al., 2012; Hamill et al., 2013; Zhang et al., 2013).

Vitamin D and HIV Disease Progression

Studies that considered HIV disease progression included cohort (prospective, retrospective) and
nested case-control and -cohort studies (Table 4.1; n = 9) (Barber et al., 2001; Nieto et al., 2004,
Mehta et al., 2010a, 2013; Viard et al., 2011; Moodley et al., 2013; Havers et al., 2014a; Shepherd et
al., 2014; Theodorou et al., 2014). Definitions of HIV disease progression varied, including WHO
disease stages 23 or 4 (WHO, 2007); AIDS, according to the 1987 and 1993 Centers for Disease
Control and Prevention (CDC) definitions (CDC, 1992); and other HIV-related outcomes (mortal-
ity, weight growth failure, >2 opportunistic infections, CD4 T-lymphocyte counts). The exposures
of interest included suboptimal vitamin D status (lowest quantile, <10 and <32 ng/mL; n = 6) and
genetic polymorphisms relating to vitamin D: CCRS5 chemokine receptor wtA32, vitamin D recep-
tor (VDR), Fokl (C/T), Bsml (G/A), DHCR7 (G/T), and CYP2R1 (G/A) (n = 3).

Among three studies that considered the associations between genetic polymorphisms relating to
vitamin D, all found increased risks or odds of HIV disease progression associated with particular
genotypes (Barber et al., 2001; Nieto et al., 2004; Moodley et al., 2013). In a prospective cohort
among patients living with HIV-1 in Spain (from an intravenous drug abuse risk group, Lleida AIDS
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Cohort), the VDR BB genotype was associated with increased odds of progression to AIDS as well
as T cells < 200/uL (Barber et al., 2001). In another study among children (>2 years) with HIV in
the United States and Puerto Rico, DHCR7 alleles G/G vs. T/T (hazard ratio [HR], 5.0; p = 0.035);
G/T vs. T/T (HR, 4.5; p = 0.042); and G/G + G/T vs. T/T (HR, 4.8; p = 0.036), as well as the Bsml A
allele, were associated with increased risk of progression to HIV-related endpoints (weight growth
failure, >2 opportunistic infections, death) (Moodley et al., 2013). Heterozygous Fokl polymor-
phism (Ff) was associated with a shorter time to initial incidence of CD4 T-lymphocytes < 200/uL.
(risk ratio [RR], 1.44; 95% CI, 1.02-2.03) and AIDS (p = 0.04) (Nieto et al., 2004).

Six studies considered the association between low vitamin D concentration and HIV disease
progression (Mehta et al., 2010a, 2013; Viard et al., 2011; Havers et al., 2014a; Shepherd et al., 2014;
Theodorou et al., 2014). Three studies found that suboptimal vitamin D status was associated with
HIV disease progression (including advanced clinical stages) or death (Mehta et al., 2010a; Havers
et al., 2014a; Theodorou et al., 2014). In contrast, two studies showed no associations (Mehta et al.,
2013; Shepherd et al., 2014), and one study reported protective effects between higher vitamin D and
clinical progression as well as mortality (Viard et al., 2011).

Vitamin D, Other Health Indicators, and Comorbidities

Many studies assessed the links between vitamin D and a wide spectrum of clinical health indi-
cators among patients living with HIV. The association between vitamin D and mortality has
only been assessed by a few studies, which reported inconsistent findings (Mehta et al., 2010a;
Sherwood et al., 2012; Sudfeld et al., 2012; Erlandson et al., 2014). Separately, other study find-
ings indicated a negative correlation between vitamin D status and HIV duration (Eckard et al.,
2013a) and no association with vertical HIV transmission (Mave et al., 2012). Other cross-sectional
studies have also observed associations between vitamin D (25(OH)D and 1,25(0OH),D) and other
HIV-related indicators, including advanced disease stages (Theodorou et al., 2014) and clinical
diagnoses such as oral thrush (Mehta et al., 2011; Sudfeld et al., 2013) and acute upper respiratory
tract infection (Mehta et al., 2011). However, other studies also reported no associations between
vitamin D and either HIV RNA (Chokephaibulkit et al., 2013; Poowuttikul et al., 2014) or viral
load (Gedela et al., 2013).

Immunological Indicators

A number of studies showed that vitamin D (25(OH)D and 1,25(0OH),D) was correlated with CD4
T-cell count (Haug et al., 1994; Teichmann et al., 2003; Mueller et al., 2010; Welz et al., 2010;
Rutstein et al., 2011; Stein et al., 2011; Legeai et al., 2013; Poowuttikul et al., 2014), LL-37 (Honda
et al., 2014), cytokine (TNF-or) (Haug et al., 1998b), erythrocyte sedimentation rate (Mehta et al.,
2010b), virologic failure (Havers et al., 2014a), complete early virologic response (cEVR), and sus-
tained virologic response (SVR) (Mandorfer et al., 2013) among individuals living with HIV. Serum
neopterin (an indicator of cellular immune activation, including during HIV infection) (Murr et al.,
2002) was observed to have a negative relationship with vitamin D (Haug et al., 1994). In contrast,
a number of studies also reported no associations between vitamin D and T cells (van den Bout-van
den Beukel 2008a; Mehta et al., 2010a; Stein et al., 2011), cytokines and inflammatory markers
(including TNF-o and IFN-y, IL-6) (van den Bout-van den Beukel, 2008b; Ross et al., 2011; Eckard
et al., 2013a; Jarvis et al., 2014), TB-associated immune restoration disease (Price et al., 2012), and
HIN1 vaccine response (Momplaisir et al., 2012) among people living with HIV.

Nutritional Status

Several studies confirmed the positive relationship between vitamin D intake (via consumption of
natural food sources, fortified foods, or supplements) and vitamin D status of individuals living with
HIV (Rodriguez et al., 2009; Crutchley et al., 2012; Etminani-Esfahani et al., 2012a). Daily calcium
intake was also associated with vitamin D status among study participants with HIV (Etminani-
Esfahani et al., 2012a). Blood concentrations of other micronutrients, including phosphate (Haug et
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al., 1998b), albumin (Frontini et al., 2012; Lambert et al., 2014), hemoglobin (Mehta et al., 2013),
and vitamins A and E (Mehta et al., 2010b), were correlated with vitamin D status in studies. Other
studies observed no associations between vitamin D and other nutritional indicators (Teichmann
et al., 1997; Haug et al., 1998b; van den Bout-van den Beukel et al., 2008b; Nansera et al., 2011).
Low 25(OH)D (<32 ng/mL) was associated with severe anemia (HR, 1.41; 95% CI, 1.05-1.89), and
hypochromic microcytosis (HR, 2.38; 95% CI, 1.58-3.58) in a study among pregnant women liv-
ing with HIV in Tanzania (Finkelstein et al., 2012a). In contrast, however, other studies showed no
association between vitamin D status and anemia (Finkelstein et al., 2012b) or hemoglobin (Nansera
et al., 2011).

In terms of anthropometric indicators, body weight and body mass index (BMI) were associ-
ated with vitamin D status among individuals living with HIV (Mueller et al., 2010; Dao et al.,
2011; Mehta et al., 2011; Nansera et al., 2011; Rutstein et al., 2011; Crutchley et al., 2012; Eckard
2013a; Gangcuangco et al., 2013; Porter et al., 2013; Sudfeld et al., 2013; Havers et al., 2014a).
Higher BMI was associated with low vitamin D status among individuals living with HIV (Dao et
al., 2011; Rutstein 2011; Crutchley et al., 2012; Eckard et al., 2013a; Havers et al., 2014a). Among
pregnant women with HIV, vitamin D was inversely associated with risk of low BMI (<18.5 kg/
m?) (Mehta et al., 2011). Another study found a positive association between vitamin D and BMI
among adults in Uganda with TB and HIV (Nansera et al., 2011). Wasting (BMI < 18.5) was also
associated with low vitamin D status among individuals with HIV (Mehta et al., 2011; Sudfeld et
al., 2013).

Bone Health

Several studies confirmed the associations between vitamin D and skeletal health, as well as meta-
bolic indicators among people living with HIV. Vitamin D was inversely associated with plasma
parathyroid hormone (PTH) (Childs et al., 2010; Rosenvinge et al., 2010; Chokephaibulkit et al.,
2013; Pinzone et al., 2013) and other markers for bone turnover (including alkaline phosphatase)
(Kwan et al., 2012). Also, vitamin D status was associated with differences in bone mineral density
and loss (Dolan et al., 2006; Yin et al., 2010; Shahar et al., 2013), including lumbar spine, femoral
neck, and hip assessments. Yet, a number of studies also reported null associations between vitamin
D and bone health indicators among individuals living with HIV, including osteoporosis (Hileman
et al., 2014), osteopenia (Ramayo et al., 2005; Hileman et al., 2014), and other indicators (Yin et al.,
2005; Chokephaibulkit et al., 2013; El-Maouche et al., 2013).

Diabetes Mellitus and Metabolic Syndrome

A study in Italy found vitamin D deficiency increased the risk of type-2 diabetes mellitus among
patients with HIV (Szep et al., 2011). Similarly, other studies have confirmed low vitamin D associ-
ated with poor diabetes indicators, including insulin resistance (Eckard et al., 2013a; Moreno-Pérez
et al., 2013) and insulin (Hammond et al., 2012) among individuals living with HIV. Further, studies
showed links between vitamin D and random blood glucose (Rosenvinge et al., 2010), triglycerides
(Portilla et al., 2014; Schwartz et al., 2014), beta cell function (Moreno-Pérez et al., 2013), and
lipoatrophy among people living with HIV (Lerma et al., 2012). However, several studies found no
association between vitamin D and metabolic syndrome (Szep et al., 2011) or other lipid measure-
ments (van den Bout-van den Beukel et al., 2008b; Eckard et al., 2013a).

Other Noncommunicable Diseases

Among studies that considered cardiovascular health of individuals living with HIV, most indi-
cated associations with vitamin D. Vitamin D was associated with hypertension (Dao et al., 2011),
subclinical coronary artery disease (CAD) (Lai et al., 2012a, 2013a), coronary stenosis (Lai et al.,
2012b), coronary artery calcification (Lai et al., 2013b), carotid intima—media thickness (cIMT)
(Choi et al., 2011), flow-mediated dilatation (Shikuma et al., 2012), and plasminogen activator
inhibitor-1 (Portilla et al., 2014). Separately, studies showed relationships between vitamin D and



Vitamin D and HIV 165

renal function, including glomerular filtration rate (Rosenvinge et al., 2010; Etminani-Esfahani et
al., 2012a), urinary protein excretion (among individuals with diabetes, and injection drug users)
(Estrella et al., 2012), and renal insufficiency (Dao et al., 2011), among study participants with HIV.
However, a few studies found no relationships between vitamin D and cardiovascular health indica-
tors (Eckard et al., 2013a; Portilla et al., 2014; Shikuma et al., 2012).

Sociodemographic and Additional Factors Associated with Vitamin D

A number of studies considered well-established influences of vitamin D status, including sociode-
mographics and factors affecting exposure to ultraviolet irradiation (which affects endogenous pro-
duction of vitamin D), among people living with HIV. Generally, these factors were similar to
studies that have assessed the influences of risk factors of vitamin D status among healthy individu-
als. Briefly, a few examples include race or ethnicity (Welz et al., 2010; Dao et al., 2011; Fox et al.,
2011; Rutstein et al., 2011; Vescini et al., 2011; Viard et al., 2011; Crutchley et al., 2012; Frontini et
al., 2012; Kim et al., 2012; Lerma et al., 2012; Price et al., 2012; Eckard et al., 2013b; Gangcuangco
et al., 2013; Porter et al., 2013; Havers et al., 2014a; Lambert et al., 2014), sex (Etminani-Esfahani
et al., 2012a; Pinzone et al., 2013; Theodorou et al., 2014), age (Rutstein et al., 2011; Vescini et al.,
2011; Viard et al., 2011; Meyzer et al., 2013), seasonality (Welz et al., 2010; Fox et al., 2011; Rutstein
et al., 2011; Viard et al., 2011; Gangcuangco et al., 2013; Gedela et al., 2013; Porter et al., 2013;
Havers et al., 2014a,b; Jarvis et al., 2014; Lambert et al., 2014; Theodorou et al., 2014), skin pigmen-
tation (van den Bout-van den Beukel et al., 2008a; Eckard et al., 2012; Meyzer et al., 2013), sun (or
ultraviolet light) exposure (Dao et al., 2011; Etminani-Esfahani et al., 2012a), physical activity (Dao
et al., 2011; Portilla et al., 2014), smoking (Legeai et al., 2013), and geographic location and country
of residence (Viard et al., 2011; Havers et al., 2014b).

Other Clinical Signs and Symptoms

In a study among mother—child dyads in Tanzania, low maternal vitamin D status was associ-
ated with 50% higher risk of mother-to-child transmission (MTCT) of HIV through breastfeeding
between birth and 6 weeks of age (Mehta et al., 2009); however, maternal vitamin D status was
not associated with other pregnancy outcomes (low birthweight, preterm birth). Vitamin D was
associated with serum anti-Miillerian hormone (AMH), which is associated with polycystic ovarian
syndrome, in another study (Merhi et al., 2012).

Additionally, low vitamin D was associated with pulmonary TB (Martineau et al., 2011; Sudfeld
et al., 2013) and hepatitis C virus (HCV) co-infections (Mueller et al., 2010; Etminani-Esfahani et
al., 2012a) in individuals living with HIV. In a study of patients with HIV-HCYV co-infection, higher
vitamin D was associated with an ART (ritonavir) (Branch et al., 2013). Other studies have indicated
associations between vitamin D and a spectrum of clinical diagnoses or symptoms, including cough
(among children of mothers with low vitamin D status during pregnancy) (Finkelstein et al., 2012b),
significant fibrosis (Milazzo et al., 2011; Terrier et al., 2011; Guzman-Fulgencio et al., 2014), cirrho-
sis (Branch et al., 2014), bacterial vaginosis (French et al., 2011), and oral candidiasis (Sroussi et al.,
2012). Other studies showed that vitamin D was not associated with other respiratory symptoms and
diarrhea (among infants of mothers with suboptimal vitamin D concentrations) (Finkelstein et al.,
2012b), fibrosis (El-Maouche et al., 2013), or TB-associated immune reconstitution inflammatory
syndrome (Conesa-Botella et al., 2012a,b).

VITAMIN D SUPPLEMENTATION STUDIES AMONG
INDIVIDUALS LIVING WITH HIV
Vitamin D supplementation studies among individuals living with HIV include randomized con-

trolled trials (n = 17) and intervention studies (n = 8) (see Table 4.2). Most of the randomized
controlled trials were double-blinded; however, a few trials were exceptions. In some intervention
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studies, vitamin D supplementation was determined by the vitamin D concentration of individual
study participants at baseline. Vitamin D supplementation varied considerably in terms of dosage
(including 1200 and 300,000 IU), form (D;, cholecalciferol; D,, ergocalciferol), frequency (daily,
weekly, monthly, bimonthly, every three months, once at baseline), and administration (singly vs.
jointly with other micronutrients, such as calcium by capsule, drop, or intramuscular injection).
The study duration (or follow-up) ranged widely from 12 weeks to 2 years. A number of outcomes
were assessed, including vitamin D (25(OH)D) status, T-lymphocyte subsets (CD4+, CD8+), HIV
viral load, and other related health outcomes, including parathyroid hormone (PTH), total body
bone mineral content (TBBMC), bone mineral density (BMD), calcium, phosphate, and fibroblast
growth factor 23 (FGF-23), among study participants with HI'V. Most referent groups received
placebo, although a few studies included comparisons that received either no or lower dosage
supplementation.

Study populations differed considerably across intervention studies, with samples sizes rang-
ing from 20 to 281 individuals. Other characteristics included geographic location of residence
(including the United States, Puerto Rico, Denmark, Italy, Canada, and Guinea-Bissau), age, and
ART received during and prior to study participation. Among individuals living with HIV, several
studies confirmed improved vitamin D status (increased 25(OH)D or 1,25(0OH),D concentrations)
after vitamin D supplementation (van den Bout-van den Beukel et al., 2008b; Etminani-Esfahani et
al., 2012b; Piso et al., 2013).

OutcoMEes ReLevanT TO VITAMIN D AND BONE HEALTH

In terms of bone health indicators, a study found reduced collagen type 1 trimeric cross-linked
peptide and procollagen type 1 N-terminal peptide among adult men living with HIV-1, who were
randomized to receive vitamin D (calcitriol, 0.5-1.0 pg; cholecalciferol, 1200 IU), compared to the
placebo group (Bang et al., 2013). From a study among patients (n = 24) with HIV and ART treat-
ment containing tenofovir (TDF), vitamin D supplementation (dosage according to body weight)
was associated with decreased serum PTH and improved calcium balance and bone mineral density
(Bech et al., 2012). FGF-23 increased among patients with HIV receiving vitamin D and TDF rela-
tive to those receiving placebo or no TDF (Havens et al., 2014). In another study among patients
with HIV, bone biomarkers (collagen telopeptidase, osteocalcin) increased with vitamin D supple-
mentation (Etminani-Esfahani et al., 2012b). Other studies observed no effects of vitamin D supple-
mentation on bone health indicators among people with HIV, including total body and spine bone
mineral content and density (Arpadi et al., 2012), as well as PTH-related peptide, FGF-23, serum
phosphate, or renal phosphate loss (Bech et al., 2012).

IMMUNOLOGICAL INDICATORS

High-dosage vitamin D, supplementation (50,000 IU per week for six weeks) was associated with
reduced HIV-1 replication (p24) during the winter (Coussens et al., 2015). Oral cholecalciferol
supplements (100,000 IU received every two months) with calcium (1 g/day) did not affect HIV
viral load among youth (6 to 16 years old) compared to the placebo group (Arpadi et al., 2009).
Pharmacological (100,000 IU) and physiological (4000 or 7000 IU) dosages of vitamin D were
associated with increased CD4:CD8 ratio (Fabre-Mersseman et al., 2014) and CD4% (Stallings et
al., 2015; Steenhoff et al., 2015). Separately, a study among individuals (8 to 26 years old) with HIV
observed a decreased Th17:Treg ratio among those receiving vitamin D supplementation (100,000
IU) compared to the placebo group at three months (Giacomet et al., 2013). However, several studies
reported no changes of T-cell subsets between adults and children who were randomized to receive
vitamin D supplementation compared to referent groups (Arpadi et al., 2009; Kakalia et al., 2011;
Bang et al., 2012; Giacomet et al., 2013).
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OTHER OUTCOMES

From a study in Guinea-Bissau among patients with TB who were 215 years old, a subgroup analysis
among individuals with HIV indicated no effects of vitamin D supplementation on mortality (HR,
1.8; 95% (I, 0.8—4.1) among those randomly assigned to receive vitamin D, (100,000 IU) compared
to placebo (Wejse et al., 2009). Vitamin D supplementation (4000 IU daily oral cholecalciferol)
and placebo treatment regimens for individuals living with HIV showed no effect with respect to
changes in diabetic indicators, including insulin, glucose, homeostatic model assessment of insulin
resistance (HOMA-IR), blood pressure (systolic, diastolic), cholesterol (total, non-HDL), and triglyc-
erides (Longenecker et al., 2012). Flow-mediated brachial artery dilatation (FMD) was not affected
by vitamin D supplementation in a study among 45 individuals with HIV and low baseline serum
25(0OH)D (220 ng/mL). A study among children and adolescents in the United States living with HIV
confirmed the safety of vitamin D supplementation in terms of blood lead (Groleau et al., 2013).

ART AND VITAMIN D AMONG INDIVIDUALS LIVING WITH HIV

BiorocicaL EVIDENCE FROM IN ViTRO AND Ex Vivo STUDIES

Results from three human cell studies suggest bidirectional interactions between ART and vita-
min D. HIV-1 protease inhibitors (ritonavir, indinavir, nelfinavir) were observed to reduce hepatic
production of 25(OH)D and macrophage synthesis of 1,25(0OH),D in dose-dependent, reversible
relationships (Cozzolino et al., 2003). Separately, 1,25(0OH),D, was protective against mitochondrial
DNA depletion of human skeletal muscle myoblasts and myotubes following nucleoside reverse
transcriptase inhibitor (didanosine and stavudine) pretreatment (Campbell et al., 2013). In human
airway epithelium-derived Calu-3 cell monolayers, 10.,25(0H),D; pretreatment increased differ-
entiation (based on greater cilia and mucus secretion) and P-glycoprotein expression compared
to untreated controls (Patel et al., 2002). Additionally, cellular transport of ART (ritonavir and
sasquinavir) was higher among untreated cells compared to those treated at three hours post-treat-
ment (Patel et al., 2002). Moreover, several studies have found links between ART and CYP24Al,
which is a key 25-hydroxylase enzyme involved with converting the active vitamin D metabolite
1,25(0OH),D; to an inactive metabolite form (24,25(0OH),D;, or calcitroic acid). Another study con-
firmed that ritonavir pretreatment reduced CYP24A1 expression and was associated with increased
intracellular 1,25(0OH),D; (Ikezoe et al., 2006). Efavirenz, phenobarbital, and calcitriol affected the
expression and activity of certain 25-hydroxylases in dermal fibroblasts and prostate cancer LNCaP
cells (Ellfolk et al., 2009). In human renal carcinoma cells, efavirenz and nevirapine upregulated
VDR, calbindin 28k, and CYP24A1 genes (Landriscina et al., 2008).

OBSERVATIONAL STUDIES AMONG INDIVIDUALS LIvING witH HIV

A number of observational studies provided evidence of the association between vitamin D and
antiretroviral therapy among individuals living with HIV (Ramayo et al., 2005; Paul et al., 2010;
Conrado et al., 2011; Allavena et al., 2012; Cervero et al., 2013; Mastala et al., 2013; Portilla et al.,
2014). Some studies confirmed links between vitamin D and specific HIV drug therapies, includ-
ing efavirenz (EFV) (Brown and McComsey, 2010; Welz et al., 2010; Dao et al., 2011; Fox et al.,
2011; Allavena et al., 2012; Cervero et al., 2012; Wiboonchutikul et al., 2012; Meyzer et al., 2013;
Schwartz et al., 2014; Theodorou et al., 2014), ritonavir (RTV) (Dao et al., 2011), zidovudine (ZDV)
(Fox et al., 2011; Gangcuangco et al., 2013), and tenofovir (TDF) (Mueller et al., 2010; Klassen et
al., 2012; Havens et al., 2013). Three studies reported suboptimal vitamin D among individuals liv-
ing with HIV and receiving non-nucleoside reverse transcriptase inhibitors (NNRTIs), compared to
protease inhibitors (PIs) (Conesa-Botella et al., 2010; Wasserman and Rubin, 2010). Additionally,
studies indicate associations between low vitamin D and longer ART duration (Theodorou et al.,
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2014), as well as cumulative ART use (Eckard et al., 2013a) in people with HIV. In contrast, studies
also show null associations between vitamin D and ART (Masia et al., 2012; Sherwood et al., 2012;
Foissac et al., 2013), including EFV (Chokephaibulkit et al., 2013). One study found no differences
in vitamin D among patients receiving TDF or EFV relative to other ART (Poowuttikul et al., 2014).

RaNDOMIZED CONTROLLED TRIALS OF ART wWITH ASSESSMENT OF VITAMIN D

Two RCTs assessed the effects of different ART on vitamin D or related indicators among indi-
viduals living with HIV (see Table 4.3) (Gupta et al., 2013; Wohl et al., 2014). In a multicountry,
double-blinded Phase III trial, 690 adults living with HIV were randomly assigned to receive either
rilpivirine (RPV, 25 mg) or efavirenz (EFV, 600 mg) with TDF and emtricitabine (FTC) once daily
(Wohl et al., 2014). Among study participants with vitamin D deficiency or insufficiency at base-
line, a greater proportion of individuals receiving EFV (8%) had severe vitamin D deficiency at 48
weeks compared to RPV (2%; p = 0.0079) (Wohl et al., 2014). In another study, no differences in
25(OH)D concentration, flow-mediated dilatation, or PTH were observed among 30 patients with
HIV who received either: (1) TDF, FTC, and EFV, or (2) TDF, FTC, and raltegravir (Gupta et al.,
2013). However, study participants in the group receiving raltegravir had decreased total choles-
terol, C-reactive protein, serum alkaline phosphatase, sSCD14 concentrations, and renal function, as
well as increased sCD163 concentrations (Gupta et al., 2013).

CONCLUSION

In summary, ex vivo studies involving cell cultures from patients have characterized biological path-
ways between physiological concentrations of 1,25(0OH),D; and the inhibition of HIV-1 viral rep-
lication (via cathelicidin and autophagy) (Campbell and Spector, 2012a—c). Similarly, studies with
human leukemia—lymphoma cell lines corroborated a role of vitamin D in HIV replication (Kitano
et al., 1990; Skolnik et al., 1991; Pauza et al., 1993; Biswas et al., 1998). VDR, including specific
genetic polymorphisms and methylation (Chandel et al., 2013), has been associated with indicators
of HIV, such as LTR activation (Nevado et al., 2007; Torres et al., 2010). Cross-sectional studies
found associations between vitamin D status and HIV infection (based on viral load, disease stage,
clinical signs and symptoms). Observational studies showed increased HIV disease progression
among individuals with certain VDR genotypes and low vitamin D status. However, results were
not consistent across all epidemiological studies, and null findings were also reported. Among RCTs
with vitamin D as treatment regimens, most reported positive associations between supplementa-
tion and improved vitamin D status, as well as bone-health outcomes among individuals with HIV.
Available RCTs observed protective or no effects of vitamin D supplementation on other outcomes,
including immunological indicators.

From this review, a number of key research gaps remain. The majority of studies were obser-
vational or cross-sectional, although longitudinal data are necessary for an improved understand-
ing of vitamin D and HIV transmission, disease progression, clinical relevance, and etiology.
Additionally, although a number of studies have assessed vitamin D status among individuals liv-
ing with HIV, many included study participants in Europe or North America instead of sub-Saha-
ran Africa and other regions with the highest burden of disease from HIV. Comparisons between
RCTs are difficult due to the heterogeneity of study designs, especially substantial differences in
vitamin D treatment dosage, frequency, and duration. Despite the potential clinical relevance, only
two RCTs with ART as the treatment regimens have considered interactions between ART and
vitamin D. Finally, a number of studies assessed the effects of vitamin D on HIV transmission and
disease progression; however, there are limited longitudinal studies regarding the influence of HIV
infection on vitamin D metabolism.
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Currently, there are no international policies or nutritional recommendations regarding vitamin
D status or supplementation among individuals living with HIV. The growing preliminary evidence
of the association between vitamin D and HIV infection emphasizes the need for further research
in order to improve our understanding of etiology and clinical implications.
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INTRODUCTION

The worldwide prevalence of HIV/AIDS was estimated to be 35 million in 2012 (UNAIDS, 2013).
Although provision of antiretroviral therapy (ART) is essential to stop viral progression, comple-
mentary approaches to improving the overall health and quality of life among people living with
HIV are important secondary objectives. Poor antioxidant status and deficiencies in other micro-
nutrients are common among people living with HIV (Semba and Tang, 1999). HIV contributes
to oxidative stress, thus increasing antioxidant demand, and an impaired antioxidant defense sys-
tem promotes disease progression (Baruchel and Wainberg, 1992; Pace and Leaf, 1995). Reduced
dietary intake and poor absorption of antioxidant micronutrients, secondary to HIV infection, fur-
ther contribute to negative antioxidant balance and susceptibility to oxidative damage. For these
reasons, antioxidant micronutrients have been examined in the context of HIV through observa-
tional investigations and clinical trials. Antioxidants are produced endogenously to neutralize reac-
tive oxygen species and prevent excessive oxidative damage. Therefore, exogenous administration
of antioxidants may have therapeutic benefits, especially among individuals experiencing persistent
oxidative stress. Antioxidant supplementation trials among people living with HIV have been het-
erogeneous in design and have yielded somewhat conflicting results. This is a review of supplemen-
tation trials of antioxidant micronutrients vitamin C, vitamin E, zinc, and selenium, delivered alone
or in combination. The populations of interest were adults and children living with HIV infection.
Both ART-naive and populations receiving ART were included. Observational studies related to the
nutrients of interest are also briefly summarized.
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METHODS

We conducted a literature search in PubMed to identify published studies through June 30, 2015; the
search details are shown in Figure 5.1. Previous reviews on the topic were also searched for relevant
articles that may have been missed. Inclusion criteria were human studies published in English
that included individuals with known HIV infection receiving oral supplementation of antioxidant
micronutrients. Because few randomized trials have examined the effects of antioxidants in the
context of HIV, pilot studies and trials without control arms were included. Trials that delivered
multiple micronutrients were included if the effects of the antioxidants of interest could be isolated
(i.e., if trials included a comparison of groups receiving or not receiving one or more antioxidants
as part of a multiple micronutrient supplement). The main outcomes of interest were mortality, CD4
cell count, viral load, HIV transmission, and pregnancy outcomes. Other clinical morbidities and
assessments, such as hematological indicators and anthropometric measures, were also included.

RESULTS

The articles in this review were published between 1988 and 2015 (see Figure 5.1). Study popula-
tions included HIV-infected adults and children with varied ART regimens. In this section, articles
are stratified into four groups based on the study population: (1) pregnant women living with HIV,

PubMed Search 1487 articles excluded based
1604 Articles on title or abstract

966 animal or cell study
478 no antioxidant intervention
40 population did not meet criteria
3 protocol or study announcement

117 Articles extracted
for further review

83 articles excluded

45 population or intervention
2 Articles obtained did not meet criteria

from other reviews 2

7 review article

9 communication
1
1

36 Articles included
(29 supplementation
trials)

abstract only
not in English

' : : :

14 12 2 1
Zinc Selenium Combined vitamins Vitamin E
trials trials C and E trials trial

FIGURE 5.1 Study selection. Search terms: (HIV InfectionsfMeSH] OR HIV[MeSH] OR hiv[tw] OR hiv-
1*[tw] OR hiv-2*[tw] OR hivl[tw] OR hiv2[tw] OR hiv infect*[tw] OR human immunodeficiency virus[tw]
OR human immunedeficiency virus[tw] OR human immuno-deficiency virus[tw] OR human immune
deficiency virus[tw] OR ((human immun*) AND (deficiency virus[tw])) OR acquired immunodeficiency
syndrome[tw] OR acquired immunedeficiency syndrome[tw] OR acquired immunodeficiency syndrome[tw]
OR acquired immune-deficiency syndrome[tw] OR ((acquired immun*) AND (deficiency syndrome[tw]))
OR “sexually transmitted diseases, viral’[MESH:NoExp]) AND ((“ascorbic acid’[MeSH Terms] OR
“ascorbic acid deficiency”’[MeSH Terms] OR (“ascorbic”’[tw] AND “acid”[tw]) OR “vitamin c”’[tw] OR
ascorbate[tw]) OR (“vitamin e”[MeSH Terms] OR “vitamin e deficiency”[MeSH Terms] OR “vitamin e”[tw]
OR “tocopherols”[MeSH Terms] OR “tocopherol*”[tw]) OR (“zinc”’[MeSH Terms] OR “zinc’[tw]) OR
(“selenium”[MeSH Terms] OR “selenium”[tw])).
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(2) adults living with HIV and receiving ART, (3) adults living with HIV and receiving heteroge-
neous or unspecified ART, and (4) children living with HIV. Antioxidant supplementation trials
among people living with HIV have been predominantly conducted in North America (n = 9) and
sub-Saharan Africa (n = 8), with trials also conducted in Europe (n = 6), Asia (n = 4), and South
America (n = 2).

EVIDENCE FROM SUPPLEMENTATION TRIALS

Fourteen trials have examined the effects of zinc supplementation among adults and children
living with HIV (Table 5.1), and 12 trials have evaluated selenium (Table 5.2). Studies of zinc sup-
plementation have been predominantly placebo-controlled, double-blind randomized controlled
trials (RCTs), whereas much of the evidence regarding selenium supplementation comes from
non-randomized trials. Two trials investigated the effects of combined vitamin C and E supple-
mentation in people living with HIV, and one trial examined the effects of vitamin E delivered
alone (Table 5.3).

Zinc

Pregnant Women

A study in Tanzania randomized 400 ART-naive pregnant women with HIV to receive either 25 mg
zinc sulfate or a placebo supplement beginning prenatally (12 to 27 weeks gestation) and continu-
ing through six weeks postpartum (Fawzi et al., 2005; Villamor et al., 2006). All study participants
were prescribed an antenatal supplement containing ferrous sulfate and folate and a multiple micro-
nutrient supplement containing B vitamins, vitamin C, and vitamin E. Zinc supplementation had
no effect on viral load (assessed in a subset of 100 participants), gestational weight gain, or mother-
to-child transmission (MTCT) (Villamor et al., 2006). T-lymphocyte subsets and birth outcomes
were also similar between treatment groups (Fawzi et al., 2005). Women receiving zinc were more
likely to become wasted during the observation period, defined as a mid-upper arm circumference
(MUAC) < 22 cm, and had lower MUAC during the second trimester of pregnancy (Villamor et al.,
2006). In both treatment groups, hemoglobin concentration increased from baseline to six weeks
postpartum; however, the change in hemoglobin was significantly lower among women supple-
mented with zinc (p = 0.03) (Fawzi et al., 2005).

Antiretroviral Therapy

Among adults in Italy with stage 3 and 4 HIV (n = 57), daily zinc supplementation of 200 mg for 30
days was associated with increased CD4 cell counts, increased thymulin levels, and reduced oppor-
tunistic infections compared with placebo (Mocchegiani et al., 1995). Zinc was also associated with
patient weight gain or stabilization. All study participants also received zidovudine.

Heterogeneous or Unspecified ART

An RCT in the United States included 231 adults with HIV and low plasma zinc (<0.75 mg/L)
(Baum et al., 2010). Study participants were assigned to either daily elemental zinc (12 mg for
women and 15 mg for men) or placebo for 18 months. Zinc supplementation was associated with
reduced immunological failure (defined as reaching a CD4 cell count < 200 cells/mm?) and a
lower rate of diarrhea. Mortality did not differ between treatment groups (Baum et al., 2010). Two
studies examined the effects of zinc supplementation among people with HIV and CD4 cell count
< 200 cells/mm?3 (Green et al., 2005; Asdamongkol et al., 2013). Among 66 adults in Singapore,
daily zinc supplementation (220 mg zinc sulfate for 28 days) had no effect on T-lymphocyte
subsets, thymic T-cell generation, or immune response to tuberculosis (Green et al., 2005). A ran-
domized trial in Thailand observed that six months of daily zinc supplementation (15 mg chelated
zinc) increased CD4 cell count among patients with low baseline plasma zinc (Asdamongkol et
al., 2013).
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Among 106 adults with sputum-positive pulmonary tuberculosis (TB) and HIV co-infection in
Tanzania, daily supplementation with 45 mg elemental zinc had no effect on viral load or CD4 cell
count after two months (Range et al., 2006). In Peru, 159 adults with HIV who had experienced
diarrhea for >7 days were randomly assigned to receive either 100 mg zinc or placebo daily for two
weeks (Carcamo et al., 2006). Loss to follow-up was high (>30%) but similar between treatment
groups. Zinc supplementation had no effect on diarrhea duration. A trial in the United States ran-
domized 60 adult intravenous drug users to receive either zinc (six tablets of 50-mg zinc gluconate
delivered over six days) or placebo before being immunized with a pneumococcal conjugate vac-
cine. Zinc had no effect on antibody response to the vaccine (Deloria-Knoll et al., 20006).

ART-Naive

Two small trials without control groups observed the benefits of zinc supplementation among adults
with AIDS (Zazzo et al., 1989) and AIDS-related complex (Isa et al., 1992). In France, five adults
supplemented with zinc daily for 30 days showed signs of immune recovery, including stimulation
of lymphocytes and peripheral mononuclear cell chemiluminescence (Zazzo et al. 1989). Among
11 adult drug users with AIDS in Italy, zinc supplementation for 10 weeks was associated with
increased CD4 cell count and weight gain (Isa et al., 1992).

Children

Trials in the United States, South Africa, Uganda, and India have investigated the effects of zinc
supplementation among children with HIV infection (Reich and Church, 1994; Bobat et al., 2005;
Srinivasan et al., 2012; Lodha et al., 2014). A study in the United States provided 45.5 mg elemental
zinc to 13 children with HIV, daily for one month. In this non-controlled trial, zinc supplementation
had no association with changes in CD4 cell count (Reich and Church, 1994). In South Africa, 96
children between the ages of 6 and 60 months were assigned to either daily zinc supplementation (10
mg of elemental zinc as zinc sulfate) or placebo. Zinc supplementation for six months had no effects
on viral load, CD4 cell count, or hemoglobin concentration; however, children receiving zinc had
significantly fewer occurrences of diagnosed watery diarrhea (Bobat et al., 2005).

A study in Uganda recruited HIV-infected and HIV-uninfected children (ages 6 to 59 months)
with severe pneumonia. Study participants were assigned daily zinc as zinc gluconate (doses were
20 mg for children > 12 months and 10 mg for children < 12 months) or placebo for seven days. All
children also received antibiotics for pneumonia. Zinc supplementation had no effect on primary
study outcomes (time until normalization of respiration rate, temperature, and oxygen saturation)
but was associated with decreased risk of fatality (Srinivasan et al., 2012). It should be noted that
death was a secondary outcome in this study. One study assessed the effects of daily zinc supple-
mentation for 24 weeks among 52 children ages > 6 months that were newly initiating highly active
ART (HAART). Children who received zinc (20 mg elemental zinc as zinc sulfate) and placebo had
similar CD4%, viral load, anthropometric indicators, and morbidities (Lodha et al., 2014).

Selenium
Pregnant Women

In Tanzania, pregnant women with HIV were recruited between 12 and 27 weeks gestation (n =
913) and randomized to receive either 200 ug selenium (as selenomethionine) daily or a placebo
supplement (Kupka et al., 2008, 2009). Treatment was initiated at enrollment and continued until
six months postpartum. Study participants were also receiving daily antenatal supplements and
multiple micronutrient supplements containing B-vitamin complex, vitamin C, and vitamin E. A
small proportion of study participants (n = 31) were prescribed HAART during follow-up. Selenium
supplementation was associated with a 40% reduced risk of diarrhea (Kupka et al., 2009). Treatment
groups had similar average hemoglobin concentration and non-diarrhea morbidities (Kupka et al.,
2009). Overall, selenium had no effect on maternal CD4 cell count, viral load, mortality risk, or
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birth outcomes (birthweight, small-for-gestational age, premature birth, and neonatal mortality)
(Kupka et al. (2008). Although not statistically significant, selenium supplementation was associ-
ated with lower risk of low birthweight (risk ratio [RR], 0.71; 95% CI, 0.49-1.05; p = 0.09) and
increased risk of fetal death (RR, 1.58; 95% CI, 0.95-2.63; p = 0.08) (Kupka et al., 2008). A reduced
risk of child mortality after six weeks postpartum was observed in the treatment group (Kupka et
al., 2008). In the same trial, the effect of selenium supplementation on HI'V shedding in breast milk
was also examined (Sudfeld et al., 2014). Selenium supplementation was marginally associated
with an increased risk of having detectable HIV-1 RNA among the total cohort (RR, 1.32; 95% CI,
1.00-1.76; p = 0.05); the association was statistically significant in a subgroup analysis of women
not receiving HAART (RR, 1.37; 95% CI, 1.03-1.82; p = 0.03) (Sudfeld et al., 2014).

Heterogeneous or Unspecified ART

A study in the United States investigated the effect of selenium supplementation (200 pg/day) on 186
men and women with HIV admitted to a hospital. Participants in the selenium group had significantly
reduced risk of hospital admission over the two-year study duration (Burbano et al., 2002). Another
selenium trial in the United States randomized 262 adults with HIV into supplementation (200 ug
of high-selenium yeast daily) and placebo groups (Hurwitz et al., 2007). Treatment duration was 18
months, and increased selenium concentration as a result of supplementation was protective against
HIV progression. Specifically, selenium responders (those with a >26.1 ug/L improvement in serum
selenium) had less viral load increase and increased improvement in CD4 cell count compared to
non-responders and to participants in the placebo group (Hurwitz et al., 2007).

In a substudy that included 115 adults with HI'V that were identified as past or current drug users,
the effects of selenium supplementation (200 pg/day) on psychological measures were examined
(Shor-Posner et al., 2003). Participants supplemented with selenium for 12 months reported less anxi-
ety and increased vigor, according to the Spielberger State-Trait Anxiety Inventory (STAI)-Form Y
questionnaire, compared to participants in the placebo group. However, both groups receiving treat-
ment or placebo were experiencing similar depression and distress based on the Beck Depression
Inventory (BDI) and the Profile of Mood States (POMS) measures (Shor-Posner et al., 2003).

In France, adults with HIV and CD4 cell counts < 400 cells/mm? were assigned to receive sele-
nium (n = 15), placebo (n = 22), or B-carotene (Constans et al., 1998). Participants in the selenium
group received 250 pg selenomethionine (100 ug selenium) daily for one year. Pilot data indicated
that selenium had no effect on CD4 cell counts but was associated with an improvement in measures
of oxidative stress (Constans et al., 1996). Participants receiving selenium showed increased gluta-
thione peroxidase activity—the main enzyme involved in scavenging reactive oxygen species and
maintaining oxidative balance—and glutathione status, but supplementation had no effect on super-
oxidase dismutase activity (n = 14 and n = 18 for the intervention and placebo groups, respectively)
(Delmas-Beauvieux et al., 1996). In another article, it was reported that selenium supplementation
had a protective effect against endothelial damage (Constans et al., 1998). Non-supplemented par-
ticipants showed evidence of endothelial damage (increased thrombomodulin and von Willebrand
factor), whereas endothelial damage indicators in the selenium group remained relatively stable over
the year of supplementation (Constans et al., 1998).

ART Naive

A trial in Botswana randomized ART-naive adults to receive multivitamins with or without sele-
nium, selenium alone (n = 220), or placebo (n = 219) (Baum et al., 2013). Selenium supplementation
of 200 pg/day for 24 months had no effect on CD4 cell count, viral load, or disease progression
(Baum et al., 2013). In Rwanda, 300 ART-naive adults with HIV and CD4 cell counts between
400 and 650 cells/mm? were randomized to receive either 200 pg selenium daily for 24 months or
placebo (Kamwesiga et al., 2011). Participants in the intervention group had a 43.8% reduction in
CD4 cell count decline compared to the placebo group (95% CI, 7.8-79.8), but no other effects were
observed (Kamwesiga et al., 2011).
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A pilot trial of antioxidant supplementation with 500 ug/day sodium selenite and 1800 mg/day
N-acetylcysteine (NAC) was performed among adults with HIV using a partial cross-over design
(Look et al., 1998). NAC/selenium supplementation was significantly associated with an increased
CD4/8 ratio at 6 and 12 weeks of treatment and was marginally associated with increased CD4%
at 6 weeks (p = 0.08). No effects of NAC/selenium on glutathione peroxidase activity or plasma
glutathione concentrations were observed (Look et al., 1998).

Two trials without control groups observed health improvements among people living with
AIDS following selenium supplementation (Zazzo et al., 1988; Olmsted et al., 1989). In a small
study in France, 10 adults with AIDS and cardiomyopathy were supplemented with daily selenium
for 23 days (Zazzo et al., 1988). Participants received 800 pg sodium selenite daily for the first 15
days and 400 pg sodium selenite for the remaining eight days. Of the eight participants with low
baseline selenium status, six showed improvement in left ventricular function after 21 days (Zazzo
et al., 1988). In the United States, 19 adults with AIDS or AIDS-related complex received 400 pg
selenium as selenium yeast for up to 70 days (Olmsted et al., 1989). Average whole blood selenium
concentration increased following 70 days of supplementation (baseline mean + SD, 0.142 + 0.040;
endline, 0.280 + 0.08 ug/mL) (Olmsted et al., 1989).

In Iran, a trial with a 2 x 2 factorial design examined the effects of selenium supplementation
and treatment with levamisole (an antihelminthic) on CD4 cell counts among adults with HI'V and
baseline CD4 < 350 cells/mm? who were not taking antiretroviral drugs (Mansouri et al., 2011).
Daily supplementation with 200 pg selenium for six months had no effect on CD4 cell counts (n =
17 and n = 35 for the selenium and placebo groups, respectively) (Mansouri et al., 2011).

Other Outcomes

The Breastfeeding, Antiretroviral, and Nutrition (BAN) study was a trial conducted in Malawi among
lactating women with HIV and included three treatment arms: (1) lipid-based nutrient supplements
(LNS) containing sodium selenite, (2) ART, and (3) LNS and ART, as well as a control (Chasela et al.,
2010). In a substudy, selenium was measured in maternal plasma and breast milk at two time points,
either at 2 and 24 weeks (n = 358) or at 6 and 24 weeks (n = 168) postpartum. Changes in plasma
and breast milk selenium concentrations were similar between treatment groups (Flax et al., 2014).

Vitamins C and E
Heterogeneous or Unspecified ART

In Canada, 49 adults with HIV on heterogeneous ART were randomized to receive either a combi-
nation vitamin C and E supplement, consisting of 800 IU o-tocopherol acetate plus 1000 mg vita-
min C daily for three months, or placebo (Allard et al., 1998). Supplementation with vitamins C and
E significantly decreased biomarkers of lipid peroxidation (breath pentane, p < 0.025; plasma lipid
peroxides, p < 0.01; malondialdehyde, p < 0.0005). Mean viral load increased in the placebo group
(increase of 0.50 + 0.40 log,, copies/mL) and decreased in the vitamins C and E group (decrease of
0.45 = 0.39 log,, copies/mL) following three months of supplementation (95% CI, —0.21 to -2.14;
p = 0.1). In Brazil, 29 adults with HIV were assigned to receive either 800 mg o.-tocopherol daily
for 180 days or placebo; all patients were ART naive prior to study entry and thereafter received
heterogeneous ART (de Souza et al., 2005). Plasma levels of HIV-1 RNA decreased significantly (p
= 0.0001) after 120 days of treatment. CD4+ counts increased significantly (p = 0.0002) for both
the vitamin C-supplemented and control groups; however, no difference between the groups was
observed (de Souza et al., 2005).

Antiretroviral Therapy

In the United States, 10 adults with HIV and either lipoatrophy or sustained hyperlactatemia par-
ticipated in a non-controlled pilot trial of antioxidant supplementation (vitamins C and E plus NAC)
(McComsey et al. (2003). All participants were receiving nucleoside reverse transcriptase inhibitor
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(NRTI)-containing ART for at least one year. Supplementation was not significantly associated with
any changes in anthropometric measures, although there was a trend toward decreased waist-to-hip
ratio (from 0.94 + 0.06 at baseline to 0.92 + 0.05 at endline; p = 0.05). Average fasting glucose and
homeostatic model assessment of insulin resistance (HOMA-IR) increased from baseline to 24
weeks (fasting glucose: 84 + 11 to 110 = 21 mg/dL, p = 0.017; HOMA: 2.75 £ 2.69 to 7.20 = 5.77, p
=0.03).

DISCUSSION

This review examined the evidence regarding antioxidant supplementation in adults and children
living with HIV. Overall, there is insufficient evidence to support blanket supplementation with
antioxidant micronutrients in this population. Clinical trials of antioxidant micronutrients, alone or
in combination, among people with HIV infection have yielded mostly null results, with a few stud-
ies observing mild benefits of supplementation with zinc (Zazzo et al., 1989; Isa et al., 1992; Bobat
et al., 2005; Mocchegiani et al., 1995; Baum et al., 2010; Srinivasan et al., 2012; Asdamongkol et
al., 2013) and selenium (Olmsted et al., 1989; Costans et al., 1996, 1998; Look et al., 1998; Zazzo
et al., 1988; Kamwesiga et al., 2001; Burbano et al., 2002; Shor-Posner et al., 2003; Hurwitz et al.,
2007; Kupka et al., 2009). It is likely that the effectiveness of antioxidant supplementation depends
upon individual micronutrient status. Results from a selenium supplementation study suggest that
HIV-infected people with deficiencies would benefit from supplementation to the point of becoming
replete (Hurwitz et al., 2007). Furthermore, there is no evidence of adverse effects from supplemen-
tation with vitamins C and E, zinc, or selenium among people with HIV.

Despite a reasonable biological plausibility argument, results from antioxidant supplementation
trials have been mostly disappointing. Laboratory evidence suggests that chronic oxidative stress
not only impedes immune function by compromising T- and B-cell growth and function but also
increases HIV replication (Hosein, 1997; Srinivas and Dias, 2008). It has been hypothesized by
several authors that supplementation with antioxidant micronutrients could combat oxidative dam-
age and slow the progression of HIV, among other benefits (Baruchel and Wainberg, 1992; Pace and
Leaf, 1995; Tang et al., 2000; Jaruga et al., 2002; Srinivas and Dias, 2008; Kaio et al., 2013). One
study found that among HIV-infected patients supplementation with vitamins A, C, and E resulted
in decreased levels of modified DNA bases and partially restored antioxidant enzymes (superoxide
dismutase and catalase) (Jaruga et al., 2002). However, antioxidant supplementation in human trials
for the mitigation of HIV symptoms has shown little effect. Possible explanations for this lack of
effect include that the efficacy of antioxidant supplementation may depend on the baseline serum
levels of other micronutrients and that co-infections or other factors may mask the outcomes being
studied. Additionally, many of these interventions were administered alongside other micronutri-
ents, which may have impacted the effect of the micronutrient in question—for example, vitamins
C and E were administered in the same micronutrient dose in several studies, sometimes also along
with zinc (Allard et al., 1998; Fawzi et al., 2005; Villamor et al., 2006). Finally, it is possible that
the micronutrient doses administered in previous studies were not optimal or were too low to effect
outcomes among individuals with increased antioxidant demands due to chronic HIV infection
(Stephenson et al., 20006).

An important limitation of this research is the relative absence of consistent functional outcomes
to evaluate the potential effects of antioxidant supplementation. For example, potential functional
indexes for zinc repletion include wound healing, taste acuity, and visual adaptation to the dark;
however, these outcomes are not an exclusive result of zinc status (WHO and FAO, 2004). A recent
review (King et al., 2016) identified plasma zinc concentration and serum zinc concentration as
biomarkers of dietary zinc status and height for age (or stunting) as a functional indicator of zinc
deficiency in populations, which will be useful in future zinc intervention studies involving children
with HIV. Serum biomarkers for vitamins C and E include plasma ascorbate for vitamin C, and
plasma o-tocopherol as well as a-tocopherol transport protein and y-tocopherol for vitamin E, as
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assessed in one study of adolescents and young adults living with HIV (Stephensen et al., 2006).
However, there are no widely recommended biomarkers for the accurate assessment of vitamins C
or E. Finally, the outcomes measured varied across studies and included anthropometry, immune
function, and survival.

FUTURE DIRECTIONS AND CONCLUSIONS

Although this review found no overall beneficial effect of vitamin C, vitamin E, selenium, and zinc
supplementation on HIV/AIDS outcomes, correcting micronutrient deficiencies can improve health
and quality of life. The lack of effect during micronutrient intervention trials may be due to several
factors, which could be addressed in future research. In environments of food insecurity, particu-
larly in low-income countries, an intervention utilizing micronutrient supplements alone may not
have a large enough benefit for those who are energy or protein malnourished. There are also limita-
tions with assessing impact, given the lack of reliable biomarkers or functional outcomes associated
with the nutrients discussed in this chapter.
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INTRODUCTION

MIcRONUTRIENTS IN HIV-INFECTED PREGNANT WOMEN

HIV-infected pregnant women are at higher risk of both micronutrient deficiencies and adverse
pregnancy outcomes. However, there are no specific World Health Organization (WHO) guidelines
for micronutrient supplementation for HIV-infected pregnant women. The current guideline from
2003 is the same for pregnant women, irrespective of HIV status, stating that pending additional
information, micronutrient intakes at the recommended dietary allowance (RDA) level are rec-
ommended for HIV-infected women during pregnancy and lactation. On one hand, multivitamin
supplementation with vitamins B-complex, C, and E in HIV-infected pregnant women has been
shown to reduce the risk of adverse pregnancy outcomes, such as fetal loss, low birthweight, small-
for-gestational-age (SGA) infants, prematurity, and mother-to-child transmission (MTCT) of HIV.
However, there are concerns regarding the safety and efficacy of other micronutrient supplements,
and there is limited evidence in the context of antiretroviral therapy (ART), which may have adverse
effects on nutritional status (Ivers et al., 2009). Therefore, in this chapter, we review the literature
to examine the existing evidence, inform clinical care, and address the unique healthcare needs of
HIV-infected pregnant women.
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STANDARD OF CARE

Iron and folic acid supplementation is part of standard prenatal care for the prevention of anemia
and neural tube defects (WHO, 2012). Current WHO guidelines recommend daily prenatal iron—
folic acid supplements (60 mg iron and 400 pg folic acid) throughout pregnancy. Iron supplementa-
tion is recommended once daily to prevent anemia (hemoglobin [Hb] < 11.0 g/dL during the first
and third trimesters and Hb < 10.5 g/dL during the second trimester), and twice daily for the treat-
ment of severe anemia (Hb < 7.0 g/dL) (WHO, 2012). To date, there is limited evidence to suggest
that the dose and administration of prenatal folic acid should differ in the context of HIV/AIDS.
However, there is increasing concern regarding the safety and efficacy of iron supplementation in
the context of HIV. Current WHO guidelines for universal prenatal iron supplementation do not
differ in settings with endemic infectious diseases, and there are no specific guidelines for HIV-
infected individuals. This is discussed in detail in Chapter 3 of this volume.

OBJECTIVES

In this review, we focus on the interplay of micronutrient deficiencies and HIV in the context of
pregnancy. We begin with a brief review of the role of micronutrients in pregnancy in HIV-infected
women. We then examine the efficacy and safety of micronutrient supplementation in HI'V-infected
pregnant women, including maternal, pregnancy, and neonatal outcomes, with an emphasis on evi-
dence from randomized clinical trials. Finally, we discuss the implications of findings for clinical
care and public health practice, with an emphasis on resource-limited settings.

METHODS

SEARCH STRATEGY AND SELECTION PROCESS

We conducted a structured literature search using the MEDLINE® and Cochrane Library electronic
databases. Relevant Medical Subject Heading (MeSH®) terms were used to identify published stud-
ies through January 1, 2015. The MeSH terms used are shown in Figure 6.1, which summarizes
the search strategy. All randomized trials of maternal micronutrient supplementation and perinatal
outcomes in HIV-infected pregnant women were included. Initial inclusion criteria for this review
were the availability of an abstract and the inclusion of data on micronutrient supplementation,
pregnancy, and HIV/AIDS.

Micronutrient Supplementation

The following micronutrients were considered for inclusion in this review: vitamin A carotenoids;
vitamins C, D, E, and K; vitamins B, (thiamine), B, (riboflavin), B; (niacin), B5 (pantothenic acid),
B (pyridoxine), B, (biotin), B, (folic acid), and B,, (cobalamin); inositol; and minerals (boron, cad-
mium, calcium, chromium, cobalt, copper, iodine, iron, magnesium, manganese, molybdenum,
nickel, selenium, silicon, vanadium, and zinc).

Outcomes

The following maternal, pregnancy, and neonatal outcomes were included in this review: (1) mater-
nal outcomes, including all-cause and AIDS-related mortality, WHO HIV disease stage progression,
opportunistic infections, CD4 and CD8 T-cell counts, HIV RNA viral load, HIV viral shedding,
weight gain during pregnancy, anemia and micronutrient status, preeclampsia, and depression dur-
ing pregnancy; (2) pregnancy outcomes, including miscarriage (<28 weeks gestation), stillbirth (>28
weeks gestation), fetal loss (miscarriage or stillbirth), gestational age at delivery, preterm birth (<37
weeks gestation), birthweight, low birthweight (<2500 g), small-for-gestational age (birthweight <
10th percentile for gestational age), mother-to-child transmission of HIV, breast milk micronutrient
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903 Articles 807 studies excluded

197 review articles
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242 no micronutrient data
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13 other HIV outcomes
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96 Articles

33 studies excluded
review articles
HIV-uninfected
children
no micronutrient data
other

—
NN O

63 Articles

' ' l '

10 1 21 31
Cross-sectional Case-control Cohort Randomized trials

FIGURE 6.1. Study selection. Search terms: MeSH Terms: (“HIV” OR “HIV”’[MeSH] OR “HIV
Infections”[MeSH] OR “AIDS” OR “hiv’ OR “hivl” OR “hiv-1*” OR “hiv2” OR “hiv-2*” OR hiv infect*
OR “human immunodeficiency virus” OR “human immunedeficiency virus” OR “human immune-deficiency
virus” OR “human immuno-deficiency virus” OR “human immune deficiency virus” OR ((human immun*)
AND (deficiency virus)) OR ((acquired immun*) AND (deficiency syndrome)) OR “acquired immunodefi-
ciency syndrome” OR “acquired immunodeficiency syndrome”[MeSH] OR “acquired immunedeficiency syn-
drome” OR “acquired immune-deficiency syndrome”) AND (“micronutrients” OR “micronutrients”’[MeSH]
OR “micronutrient” OR “trace element” OR “trace elements” OR “vitamins” OR “vitamin” OR “nutrition”
OR “nutritional status” OR carotenoids OR carotenoid OR carotenes OR carotene OR “24,25-dihydroxyvita-
min D 3” OR “25-hydroxyvitamin D 2” OR “4- aminobenzoic acid” OR acetylcarnitine OR alpha-tocopherol
OR aminobenzoic acids OR ascorbic acid OR beta carotene OR beta-tocopherol OR biotin OR boron OR cad-
mium OR calcifediol OR calcitriol OR carnitine OR cholecalciferol OR chromium OR cobalt OR cobamides
OR cod liver o0il OR copper OR dehydroascorbic acid OR dihydrotachysterol OR dihydroxycholecalciferols
OR ergocalciferols OR flavin mononucleotide OR folic acid OR formyltetrahydrofolates OR fursultiamin
OR gamma-tocopherol OR hydroxocobalamin OR hydroxycholecalciferols OR inositol OR iodine OR iron
OR leucovorin OR manganese OR magnesium OR molybdenum OR niacin OR niacinamide OR nickel OR
nicorandil OR nicotinic acids OR palmitoylcarnitine OR pantothenic acid OR pteroylpolyglutamic acids OR
pyridoxal OR pyridoxal phosphate OR pyridoxamine OR pyridoxine OR riboflavin OR selenium OR silicon
OR tetrahydrofolates OR thiamine OR thiamine monophosphate OR thiamine pyrophosphate OR thiamine
triphosphate OR thioctic acid OR tin OR tocopherols OR tocotrienols OR ubiquinone OR vanadium OR zinc)
AND (“pregnancy” OR “pregnancy”’[MeSH] OR “pregnant” OR pregnan* OR “gravidity”” OR “gestation” OR
“parturient” OR “pregnant women” OR “pregnant women”[MeSH] OR “maternal-fetal relations”’[MeSH] OR
“prenatal care”’[MeSH])

composition, and mastitis; and (3) infant outcomes, including HIV infection, co-infections, and clin-
ical symptoms (i.e., measles, respiratory infections, diarrhea, malaria); anthropometry and growth
(i.e., weight, length, head circumference, and mid-upper arm circumference), including weight for
age (WAZ), weight for length (WLZ), and length for age (LAZ) WHO z-scores (underweight, WAZ
< —-2; wasting, WLZ < -2; stunting, LAZ < -2); cognitive and psychomotor development; and ane-
mia and micronutrient status.

Available abstracts of all studies were searched, full-text articles were extracted and reviewed,
and the following inclusion criteria were applied: (1) human studies, (2) HIV-infected pregnant indi-
viduals, and (3) availability of data on maternal micronutrient supplementation, status, or intake and
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perinatal outcomes. All randomized, quasi-randomized, and uncontrolled trials and interventions
that met participant and methodological criteria were included. Sources were retrieved, collected,
indexed, and assessed for micronutrient supplementation and perinatal outcome data. Bibliographies
of published studies and manual searches of related articles in references were used to identify addi-
tional sources. An additional search was used to identify review articles, which were examined for
references to other relevant studies. A standardized table was used to extract and organize key infor-
mation from experimental studies that met the abovementioned selection criteria. Extracted data
included publication date, authors, study design, setting, target population, micronutrient supplement
type and composition, definitions of exposures and outcomes, main findings, and limitations.

LITERATURE REVIEW

The structured literature search yielded 903 articles. Results from the search strategy are summa-
rized in Figure 6.1. After 807 studies were excluded based on abstracts (197 reviews, 241 studies
without HIV-infected participants, 7 with children, 242 without micronutrient data, 5 animal or
in vitro studies, 13 reporting on other HIV outcomes, and 102 for other reasons), 96 studies were
extracted for further review. Sources were retrieved, collected, indexed, and assessed for micronu-
trient and perinatal outcome data. After excluding studies that did not meet inclusion criteria (n =
33) and 32 observational studies, including 10 cross-sectional, 1 case-control, and 21 cohort studies,
a total of 31 articles describing randomized trials were included in this review. Detailed findings
from randomized trials are summarized in Table 6.1.

MICRONUTRIENT STATUS AND PREGNANCY OuTCcOMES IN HIV-INFECTED WOMEN

Micronutrient deficiencies may increase the risk of adverse pregnancy outcomes among HIV-
infected women via a number of biological mechanisms and have been described in earlier review
articles (Mehta et al., 2008a). For example, suboptimal micronutrient status may increase the risk
of MTCT of HIV by impairing systemic immune function and epithelial integrity of the maternal
lower genital tract (Dreyfuss and Fawzi, 2002; Kupka and Fawzi, 2002). Micronutrient deficiencies
may also accelerate maternal clinical, immunologic, and virologic HIV disease progression, and
consequently increase morbidity and risk of HIV transmission (Dreyfuss and Fawzi, 2002; Fawzi
et al., 2003). HIV infection itself may also affect nutrient absorption, metabolism, and excretion
and contribute to the development of micronutrient deficiencies, thus perpetuating a vicious cycle
(Keusch and Farthing, 1990) and increasing the risk of established nutrition-related adverse preg-
nancy outcomes in those who are infected.

Observational Studies
Vitamin A and Carotenoids

In some of the earliest studies conducted in Sub-Saharan Africa, low maternal vitamin A status
was associated with increased risk of adverse pregnancy outcomes (Semba et al., 1994; Friis et
al., 2001a). Most of these studies were cross-sectional or assessed nutrition status at enrollment
and followed up HIV-infected pregnant women through delivery. For example, in a cohort study
in Malawi by Semba et al. (1994), 338 HIV-infected pregnant women were enrolled and followed
up every three months during pregnancy. Low maternal plasma retinol levels (<0.7 pmol/L) were
associated with increased odds of low birthweight (<2500 g), infant mortality, and MTCT of HIV
(odds ratio [OR], 0.56; 95% CI, 0.37-0.80; p = 0.0001) (Semba et al., 1994, 1995). Similar findings
were reported in an observational study in Rwanda (Graham et al., 1993).

In an observational analysis that was part of the Trial of Vitamins (TOV), described later in
this chapter (n = 1078 pregnant women, 12-27 weeks gestation), low maternal vitamin A status
(serum retinol < 0.7 mmol/L) was associated with a higher risk of severe maternal anemia (Hb <
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8.5 g/dL) during follow-up (risk ratio [RR], 1.47; 95% CI, 1.15-1.89; p < 0.01) (Antelman et al.,
2000) and lower maternal plasma concentrations of vitamin E (RR, 0.62; 95% CI, 0.42-0.92; p =
0.02), selenium (RR, 0.49; 95% CI, 0.30-0.82; p = 0.01) (Kupka et al., 2005), and vitamin D (RR,
0.89; 95% CI, 0.80-0.98; p = 0.02) (Mehta et al., 2010b). Similarly, higher breast milk (3-carotene
concentrations (but not retinol or o.-carotene) were associated with an increased detectable HIV-1
viral load in breast milk (quartile > 2 vs. quartile 1; prevalence ratio, 1.21; 95% CI, 1.03-1.41; p =
0.02) (Villamor et al., 2010).

Findings regarding the associations between maternal vitamin A status and risk of adverse preg-
nancy outcomes in the United States are divergent. In a study conducted by Burns et al. (1999),
maternal plasma vitamin A concentrations were associated with lower odds of low birthweight (OR,
2.16; 95% CI, 1.00-4.65; p = 0.05), but were not significantly associated with MTCT of HIV (Burns
et al., 1999). In a multicenter prospective cohort study in two urban areas in the United States, low
vitamin A status (severe deficiency, plasma retinol < 0.70 pmol/L; mild to moderate deficiency,
plasma retinol 0.70—1.05 pmol/L) was associated with increased odds of vertical HIV transmission
(total infection rate; adjusted odds ratio [AOR], 5.05; 95% CI, 1.20-21.24; p < 0.05) among HIV-
infected pregnant women (Greenberg et al., 1997).

Hematological and Iron Status

The associations between hematological status and adverse pregnancy outcomes in HIV-infected
women have been examined in several observational studies. In a cross-sectional study in
Zimbabwe, HIV infection was associated with increased prevalence of anemia (Hb < 11.0 g/dL;
prevalence of anemia, 54%; 95% CI, 49-58%; p < 0.00001) and folate deficiency (serum folate <
6.7 nmol/L; prevalence of folate deficiency, 16%; 95% CI, 13-20%; p = 0.001), and lower serum
ferritin levels (B, 0.93; 95% CI, 0.86-0.99; p = 0.03) (Friis et al., 2001a,b). Additionally, haptoglo-
bin phenotype (2-2; B, 2.34; 95% CI, 1.38-3.98; p = 0.002), severe iron deficiency (serum ferritin
< 6.0 pg/L; B, 0.13; 95% CI, 0.13-0.53; p = 0.013), al-antichymotrypsin (ACT; 0.3-0.4 g/L; B,
1.74; 95% CI, 1.17-2.63; p = 0.007), and Hb concentrations (3, 0.97; 95% CI, 0.96—0.99; p = 0.001)
were significant predictors of HIV RNA viral load (log,, genome equivalents per mL) (Friis et al.,
2003). HI'V-infected pregnant women with depleted iron stores (serum ferritin < 12.0 pg/L) had
significantly lower HIV RNA viral load compared to HIV-infected pregnant women with replete
iron stores (serum ferritin > 24.0 pg/L).

Similarly, in a prospective observational analysis of 584 HIV-infected pregnant women par-
ticipating in the TOV, maternal serum ferritin concentrations were significantly correlated with
higher maternal HIV viral load (p < 0.05) (Kupka et al., 2007a). In an observational analysis in the
same trial (n = 840), maternal anemia (Hb < 11.0 g/dL) was also associated with a greater risk of
the combined outcome of MTCT of HIV or child mortality (HR, 2.58; 95% CI, 1.66—4.01; p-value
for trend < 0.0001) (Isanaka et al., 2012). In an analysis of data from four randomized trials from
Tanzania, Zambia, and Malawi, with a sample of 2126 HIV-infected pregnant women, severe
maternal anemia (Hb < 8.5 g/dL) was associated with increased odds of fetal loss or stillbirth
(OR, 3.67; 95% CI, 1.16—-11.66; p = 0.02), preterm birth (<37 weeks gestation; OR, 2.08; 95% CI,
1.39-3.10; p < 0.01), low birthweight (<2500 g; OR, 1.76; 95% CI, 1.07-2.90; p = 0.04), and MTCT
of HIV at birth (OR, 2.26; 95% CI, 1.18-4.34; p = 0.01) and in the first six weeks of life (OR, 2.33;
95% CI, 1.15-4.73; p = 0.02) (Mehta et al., 2008b).

Similar findings were observed in a cohort study of 1084 HIV-infected pregnant women in
Thailand (Traisathit et al., 2009). Pregnant women were recruited at 28 to 35 weeks of gestation
and administered different zidovudine regimens. Higher baseline Hb levels were associated with
increased odds of preterm birth (>11.5 vs. 211.5 g/dL; OR, 1.9; 95% CI, 1.2-3.1; p = 0.01) com-
pared to lower Hb levels. In a cross-sectional study of 483 HIV-infected pregnant women on ART
in Malawi, higher Hb concentrations were correlated with lower plasma HIV RNA viral load (r,
—0.104; p < 0.03) (Semba et al., 2001).
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Zinc

In a cross-sectional study in Gondar, Ethiopia, the prevalence of zinc deficiency (serum zinc < 75.0
ug/L) was higher in HIV-infected pregnant women compared to HIV-uninfected pregnant women
(76.2% vs. 65.5%) (Kassu et al., 2008). The Cu/Zn (copper/zinc) ratio was also higher in HIV-
infected individuals (HIV-infected, 4.7 pug/dL vs. HIV-uninfected, 3.8 pug/dL; p < 0.05) compared
to HIV-uninfected individuals (Kassu et al., 2008). In a study in Haiti among HIV-infected preg-
nant women, there were no significant associations between maternal serum zinc levels and risk of
MTCT of HIV (Ruff, 1997).

Selenium

In a cross-sectional study in Gondar, Ethiopia, the prevalence of selenium deficiency (serum selenium
< 7.0 ug/L) was higher in HIV-infected pregnant women than in HIV-uninfected pregnant women
45.2% vs. 18.9%) (Kassu et al., 2008). In a cohort study among HIV-infected pregnant women in
Tanzania, low baseline selenium status (plasma selenium < 114 pg/L; 12-27 weeks gestation) was
associated with a significantly increased risk of maternal mortality over a median follow-up period of
5.7 years (p = 0.01) (Kupka et al., 2004). Higher maternal selenium concentrations were also associ-
ated with higher maternal CD4 T-cell counts in the first two years of follow-up (p = 0.02). In an analy-
sis of the TOV, low maternal selenium status (plasma selenium < 114 pg/L) was also associated with
increased risks of fetal death (RR, 1.94; 95% CI, 1.08-3.49; p = 0.03), child mortality (RR, 1.46; 95%
CI, 1.03-2.06; p = 0.03), and HIV transmission during the intrapartum and early breastfeeding period
(RR, 2.51; 95% (I, 1.19-5.30; p = 0.01) compared to higher plasma selenium concentrations (Kupka
et al., 2005). Low maternal selenium status (<114 ug/L) was also associated with a lower risk of small-
for-gestational-age infants (<10th percentile for gestational age; RR, 0.56; 95% CI, 0.32-0.97; p-value
for trend = 0.03); however, no significant associations were noted between maternal selenium status
and risks of low birthweight or preterm birth (p > 0.05) (Kupka et al., 2005). Women with plasma
selenium concentrations in the middle tertile (114—131 pg/L) had higher HIV-1 RNA viral loads com-
pared to the lowest tertile (<114 pg/L) (RR, 1.21; 95% CI, 1.02—-1.44; p = 0.03). Women in the middle
(114-131 pg/L) and highest (>131 ug/L) tertiles of plasma selenium also had higher risk of HIV viral
shedding compared to the lowest tertile (<114 pg/L) (71% vs. 50%; RR, 1.46; 95% CI, 1.10-1.92; p =
0.01; and 69% vs. 50%; RR, 1.39; 95% CI, 1.05-1.84; p = 0.02, respectively) (Kupka et al., 2007b).

Vitamin D

The associations of maternal vitamin D status with perinatal outcomes in HIV-infected pregnant
women have been investigated in several observational studies. A case-control study in Botswana
found no associations between maternal vitamin D insufficiency at delivery and odds of child mor-
bidity or mortality (AOR, 1.17; 95% CI, 0.70-1.98; p = 0.55), after adjusting for maternal CD4
T-cell counts and pretreatment HIV-1 RNA levels (Powis et al., 2014). In prospective observational
studies, low maternal vitamin D status (serum 25-hydroxy vitamin D < 80.0 umol/L) at baseline
(1227 weeks of gestation) was associated with increased risk of severe anemia (Hb < 8.5 g/dL;
RR, 1.46; 95% CI, 1.09-1.96; p = 0.01) (Mehta et al., 2010a) and severe microcytosis (RR, 3.20;
95% CI, 1.04-9.85; p = 0.04) (Finkelstein et al., 2012b) compared to higher vitamin D status. Low
maternal vitamin D status has also been associated with increased risks of adverse pregnancy and
infant outcomes, including increased risks of overall MTCT of HIV by 6 weeks of age (i.e., in utero,
intrapartum, and via breastfeeding) (RR, 1.50; 95% CI, 1.23-1.83; p < 0.01), stillbirth (RR, 1.49;
95% CI, 1.07-2.09; p = 0.02), MTCT of HIV at 6 weeks of age (RR, 1.50; 95% CI, 1.02-2.20; p =
0.04), and the combined endpoint of HIV infection or death at 2 years of age (RR, 1.46; 95% CI,
1.11-1.91; p < 0.01) (Mehta et al., 2009). Finally, low maternal vitamin D status was also associated
with increased risk of pediatric cough (RR, 1.11; 95% CI, 1.02-1.21; p = 0.01), stunting (RR, 1.29;
95% CI, 1.05-1.59; p = 0.02), and underweight (RR, 1.33; 95% CI, 1.03-1.71; p = 0.03) in offspring
at 2 years of age (Finkelstein et al., 2012a).
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Randomized Trials

The findings from the observational studies noted here informed the development of several ran-
domized trials to examine the effects of micronutrient supplementation on pregnancy outcomes in
HIV-infected pregnant women. These are all summarized in Table 6.1.

Vitamin A and p-Carotene

In Malawi, 697 HIV-infected pregnant women were randomized to receive either daily vitamin A
(10,000 TU) supplementation with iron—folic acid or iron—folic acid supplementation alone, from
enrollment (18-28 weeks gestation) until delivery (Kumwenda et al., 2002). Maternal vitamin A sup-
plementation significantly reduced the risk of low birthweight (<2500 g; 14.0% vs. 21.2%; p = 0.03)
and infant anemia (Hb < 11.0 g/dL; 23.4% vs. 40.6%; p < 0.001) at six weeks postpartum; however,
vitamin A supplementation did not decrease the risk of other adverse pregnancy outcomes, includ-
ing MTCT of HIV, prematurity, fetal death, or infant mortality (p > 0.05) (Kumwenda et al., 2002).

In a trial in South Africa, Coutsoudis et al. (1999) examined the effects of vitamin A supple-
mentation on the risk of adverse perinatal outcomes in HI'V-infected pregnant women. Investigators
randomized 728 HIV-infected pregnant women to receive either vitamin A supplements or placebo.
The vitamin A intervention consisted of a daily dose of 5000 IU of vitamin A and 30 milligrams of
[-carotene during the third trimester and a 200,000-I1U dose of vitamin A at delivery. This vitamin
A regimen significantly reduced the risk of preterm delivery (11.4% vs. 17.4%; p = 0.03). However,
vitamin A had no significant effects on the risks of MTCT of HIV, low birthweight, small-for-
gestational-age infants, or fetal death (p > 0.05) (Coutsoudis et al., 1999).

In a randomized trial in Zimbabwe, Humphrey et al. (2006) evaluated the efficacy of vitamin A
supplementation in preventing adverse pregnancy outcomes in HIV-infected women. The vitamin
A intervention consisted of a single postpartum dose of vitamin A administered to women (400,000
IU) and/or infants (50,000 IU) at delivery. Vitamin A supplementation to either the mother or infant
significantly increased the risk of vertical HI'V transmission and infant mortality compared to pla-
cebo. However, vitamin A administered to both the mother and infant did not increase the risk of
these outcomes compared to the placebo. Additionally, all three vitamin A regimens resulted in a
twofold increase in the risk of mortality among infants who were not infected with HIV at six weeks
postpartum (p < 0.05) compared to the placebo (Humphrey et al., 2006).

Zinc

The effect of maternal zinc supplementation on pregnancy outcomes was examined in HI V-infected
women in a randomized trial in Tanzania (Villamor et al., 2006). Investigators enrolled 400 HIV-
infected pregnant women and randomized them to receive daily zinc supplementation (25 mg) or
placebo until six weeks postpartum. All women also received iron (60 mg) and folic acid (400 pg),
in accordance with national and international guidelines. There were no significant differences in
the risk of MTCT of HIV or maternal HIV-1 viral load (p > 0.05) between the zinc- and placebo-
supplemented groups. However, maternal zinc supplementation significantly increased the risk of
maternal wasting (mid-upper arm circumference [MUAC] < 22 ¢cm) compared to placebo, with a
2.7 times greater risk during the follow-up period (mean, 22 weeks; RR, 2.7; 95% CI, 1.1-6.4; p =
0.03) and a 4-mm mean reduction in MUAC during the second trimester (p = 0.02) (Villamor et
al., 2006). Furthermore, zinc supplementation had no significant effects on maternal CD4, CDS, or
CD3 T-cell counts or the risks of low birthweight, preterm delivery, fetal death, or neonatal mor-
tality compared to placebo (p > 0.05). Maternal Hb concentrations increased in both the zinc and
control groups, although this effect was blunted in the zinc-supplemented group (mean increase,
zinc: 11.5 = 17.9 g/L vs. placebo: 15.2 + 18.6 g/L). This finding may be attributable to zinc’s inter-
ference with enteric iron absorption (via DMTI and ferroportin-1) (Fawzi et al., 2005; Villamor et
al., 2006).
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Selenium

The effect of selenium supplementation on maternal HIV disease progression and adverse preg-
nancy outcomes was investigated in a trial in Tanzania (Kupka et al., 2008). A total of 913 women
were enrolled at 12 to 27 weeks of gestation and randomized to receive daily supplements of sele-
nium (200 pg elemental selenium, selenomethionine) or placebo until six months after delivery.
All women also received iron (60 mg) and folic acid (400 pg), in accordance with national and
international guidelines. Selenium did not significantly reduce maternal HIV disease progression
or the risks of low birthweight, preterm delivery, fetal death, or neonatal mortality compared to
the placebo (p > 0.05). However, infants born to mothers who received selenium supplements had
significantly lower risk of death by 6 weeks of age (RR, 0.43; 95% CI, 0.19-0.99; p = 0.048) (Kupka
et al., 2008). Selenium supplements had no significant effects on maternal hemoglobin concentra-
tions during follow-up (mean difference, 0.05 g/dL; 95% CI, —0.07-0.16 g/dL; p > 0.05) compared
to placebo. However, compared to the placebo, selenium supplementation significantly reduced the
risk of maternal diarrheal morbidity by 40% (RR, 0.60; 95% CI, 0.42-0.84; p < 0.05) for both
acute diarrhea (21 day and <14 days; RR, 0.59; 95% CI, 0.42—0.83; p = 0.003) and watery diarrhea
(diarrheal episodes without mucus or blood) (RR, 0.56; 95% CI, 0.39-0.81; p = 0.002) during the
follow-up period (Kupka et al., 2008, 2009). In a subsequent analysis, investigators examined the
effects of maternal selenium supplementation on the presence of HIV-1 in breast milk among 420
HIV-infected lactating women who were participating in the aforementioned selenium trial (Sudfeld
et al., 2014). The proportion of women with detectable HIV-1 in breast milk was not significantly
higher in the selenium group than in the placebo group (36.4% vs. 27.5%; RR, 1.32; 95% CI, 1.00—
1.76; p = 0.05). However, in secondary analyses among HAART-naive women, the prevalence of
detectable HIV-1 viral load in breast milk was significantly higher in the selenium group than in
the placebo group (37.8% vs. 27.5%; RR, 1.37; 95% CI, 1.03-1.82; p = 0.03) (Sudfeld et al., 2014).

Multiple Micronutrients

The TOV was conducted to investigate the effects of maternal micronutrient supplementation on
HIV disease progression, MTCT of HIV, and risk of adverse pregnancy outcomes among ART-
naive, HIV-infected pregnant women and their children in Tanzania. In this randomized, double-
blind, placebo-controlled trial, 1078 HIV-infected pregnant women were enrolled at 12 to 27 weeks
gestation and randomized to receive daily doses of (1) vitamin A alone, (2) multivitamins alone,
(3) vitamin A and multivitamins, or (4) placebo, using a 2 X 2 factorial design. The multivitamin
supplement included vitamins B-complex, C, and E in doses at 6 to 10 times the RDA level (20 mg
vitamin B,, 20 mg vitamin B,, 100 mg vitamin B;, 25 mg vitamin B, 0.8 mg folic acid, 50 mg vita-
min B,,, 500 mg vitamin C, and 30 mg vitamin E). The vitamin A intervention consisted of 5000 IU
of preformed vitamin A and 30 mg of B-carotene daily, with an additional 200,000 IU of vitamin A
administered at delivery. All women also received iron (60 mg) and folic acid (400 ug) daily during
pregnancy in accordance with WHO and Tanzania Ministry of Health guidelines.

Pregnancy Outcomes Maternal multivitamin supplements significantly decreased the risks of
severe preterm birth (<34 weeks gestation) by 39% (RR, 0.61; 95% CI, 0.38—0.96; p = 0.03), low
birthweight (<2500 g) by 44% (RR, 0.56; 95% CI, 0.38-0.82; p = 0.003), small-for-gestational-age
infants by 43% (RR, 0.57; 95% CI, 0.39-0.82; p = 0.002), and fetal death by 39% (RR, 0.61; 95% ClI,
0.39-0.94; p = 0.02) compared to no multivitamins. Vitamin A supplementation had no significant
effects on these pregnancy outcomes (p > 0.05) (Fawzi et al., 1998). Multivitamin supplementa-
tion did not affect the risk of MTCT of HIV in the overall population; however, multivitamins
significantly reduced the risk of HIV transmission through breastfeeding in a subgroup of women
who were nutritionally and/or immunologically compromised at baseline, defined as low T-cell
lymphocyte counts (<1340/mm?; RR, 0.37; 95% CI, 0.16—0.85; p = 0.02), severe anemia (Hb < 8.5g/
dL; p-for-interaction = 0.06), or high erythrocyte sedimentation rate (81 mm/hr; p-for-interaction
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=0.06) (Fawzi et al., 2002). In contrast to a priori hypotheses, vitamin A supplementation signifi-
cantly increased the presence of detectable HIV in the genital tract (vitamin A, 74.8% vs. no vitamin
A, 65.1%; p = 0.04) compared to no multivitamins (Fawzi et al., 2004a). Vitamin A supplementation
also increased the risk of severe subclinical mastitis (Na/K > 1.0) by 45% (p = 0.03) (Arsenault et
al., 2010) and increased HIV viral shedding in breast milk (proportion of breast milk samples with
a detectable viral load at six months postpartum; RR, 1.34; 95% CI, 1.04-1.73; p = 0.02) compared
to no multivitamins (Villamor et al., 2010). Vitamin A supplementation also significantly increased
the risk of HIV transmission through breastfeeding by 38% (RR, 1.38; 95% CI, 1.09-1.76; p =
0.009) (Fawzi et al., 2002).

Maternal Outcomes Multivitamin (B-complex, C, and E) supplementation significantly increased
maternal CD4 and CD8 T-cell counts (mean difference, 385 cells/uL; p < 0.001) (Fawzi et al., 1998)
and Hb concentrations (mean difference, 0.33 g/dL; p = 0.07) (Fawzi et al., 2007) and increased
maternal weight gain during pregnancy by 304 g (95% CI, 17-590; p = 0.04) (Villamor et al., 2002).
Multivitamins also reduced the incidence of clinical malaria by 71% (95% CI, 11-91; p = 0.02) com-
pared to no multivitamins (Villamor et al., 2007). Prenatal multivitamin supplementation signifi-
cantly reduced the risk of developing hypertension during pregnancy (RR, 0.62; 95% CI, 0.40-0.94;
p = 0.03) compared to no multivitamins (Merchant et al., 2005). Vitamin A supplementation had
no effects on any of these maternal outcomes (Villamor et al., 2002; Fawzi et al., 2004b; Merchant
et al., 2005). Vitamin A supplementation significantly increased the risk of severe subclinical mas-
titis (p = 0.03) (Arsenault et al., 2010). Women who received multivitamins (B-complex, C, and E)
also had a 33% greater risk of subclinical mastitis (Na/K > 0.6; p = 0.005) and a 75% greater risk
of severe subclinical mastitis (Na/K > 1.0; p = 0.0006) compared to women who did not receive
multivitamins. A second Trial of Vitamins (TOV2) was conducted to examine the efficacy of multi-
vitamin B-complex, C, and E supplementation at multiples of the RDA level compared to the single
RDA level in decreasing the risk of adverse pregnancy outcomes among HIV-infected pregnant
women in Tanzania (Kawai et al., 2010). In this double-blind, randomized controlled trial, a total of
1,129 HIV-infected pregnant women were enrolled at 12 to 27 weeks of gestation and randomized
to receive daily oral supplements of multivitamins B-complex, C, and E through six weeks post-
partum. The multiple RDA level regimen included vitamins B-complex, C, and E at 6 to 10 times
the RDA level (i.e., 20 mg vitamin B,, 20 mg vitamin B,, 100 mg vitamin B;, 25 mg vitamin B, 0.8
mg folic acid, 50 mg vitamin B,,, 500 mg vitamin C, and 30 mg vitamin E) or the same composi-
tion used in the original TOV. In addition, all women received iron (60 mg ferrous sulfate) and folic
acid (400 pg) in accordance with WHO and Tanzanian standard of care guidelines. There were no
significant differences in the effects of multivitamins at the multiple RDA level on the risk of low
birthweight (11.0% vs. 10.2%; p = 0.75), gestation duration, birth length, head circumference, pla-
cental weight, risk of small-for-gestational-age infants, or risk of preterm birth (p > 0.05) compared
to multivitamins at the single RDA level (Kawai et al., 2010). Findings from randomized trials on
micronutrient supplementation in HIV-infected pregnant women are summarized in Table 6.1.

DISCUSSION

In summary, micronutrient deficiencies are prevalent in HIV-infected pregnant women and asso-
ciated with increased risk of adverse health outcomes for both the mother and infant. Multivitamin
supplementation (including vitamins B-complex, C, and E) has consistently demonstrated ben-
eficial effects on the risk of adverse pregnancy outcomes among HIV-infected women, includ-
ing prematurity, low birthweight, small-for-gestational-age infants, and fetal death. For vitamin
A, the evidence from observational studies of a potential beneficial association with pregnancy
outcomes in HIV-infected women has either not been supported or has been directly contra-
dicted by randomized controlled trials. This is probably partially explained by the limitations
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of the observational study design. The observed associations between micronutrient deficiencies
and HIV-related outcomes may be due to reverse causation; that is, HIV infection may lead to
decreased nutrient absorption, impaired metabolism, and increased excretion, resulting in lower
serum micronutrient concentrations and an apparent deficiency, whereas altered concentrations
of micronutrients may be attributable to the acute phase response to infection, rather than actual
micronutrient status. Micronutrient concentrations were also often assessed at a single time-point
and associated with HIV-related outcomes, which may obscure findings between both HIV and
host nutritional status, which change over time. Several vitamin A-specific mechanisms may
also explain the increased risk of vertical HIV transmission in vitamin A trials in Tanzania and
Zimbabwe (discussed in Chapter 1 of this volume), as well as controversies regarding infant feed-
ing and HIV (see Chapter 7 of this volume) and pediatric health in HIV/AIDS (see Chapter 8 of
this volume). Based on these findings, vitamin A supplementation at doses above the single RDA
level is not recommended for HIV-infected pregnant women. In addition, findings from a trial of
selenium supplementation had no significant effects on HIV disease progression and pregnancy
outcomes and may even increase HIV-1 viral load in breast milk in women who are not receiv-
ing ART. There is currently no strong epidemiological evidence to support the use of selenium
or other micronutrient supplements, such as zinc or vitamin D, to prevent adverse perinatal out-
comes in HIV-infected pregnant women.

MICRONUTRIENT DOSE AND ADMINISTRATION

Current epidemiological evidence supports the use of multivitamin supplements B-complex, C,
and E (in addition to iron—folic acid) in HIV-infected pregnant women to reduce the risk of adverse
pregnancy outcomes. However, to date, there is limited evidence of an additional benefit of higher
dose multivitamins (above the single RDA level) on these outcomes. Further studies on the spe-
cific effects of micronutrients in different combinations, doses, and administration are required to
inform micronutrient interventions in HIV-infected pregnant women.

To date, there is limited evidence on the effects of micronutrient supplementation among HIV-
infected pregnant women on ART or MTCT of HIV. Although some trials have been conducted
among women receiving a single dose of nevirapine at delivery or among a subsample of women
with advanced HIV disease stages receiving ART, the majority of trials included in this review
were conducted among ART-naive women. It is not clear if the observed effects of multivitamin
supplementation in HIV-infected pregnant women can be generalized to non-pregnant women or
individuals on ART. The importance of ensuring universal access to ART cannot be overempha-
sized. Further research is urgently needed to examine the role of micronutrient supplementation as
an adjunct to essential ART and to elucidate potential micronutrient—ART interactions and their
implications for health outcomes in the mother and infant. Randomized trials of the effects of
micronutrient supplementation on perinatal outcomes in HIV-infected pregnant women have not
been sufficiently powered to elucidate the specific effects of micronutrients in the context of ART,
potential interactions of micronutrients and ART, and effects on maternal and child health out-
comes. The safety and efficacy of micronutrient supplementation among HIV-infected pregnant
women on HAART—as an adjunct to essential antiretroviral therapy—must be examined, includ-
ing effects on longer term maternal and child health outcomes.

Micronutrient supplementation is unlikely to be a stand-alone mantra for success in prevent-
ing adverse pregnancy outcomes in HIV-infected women. Vulnerable groups such as HI V-infected
women are likely to have multiple micronutrient deficiencies, particularly in resource-limited set-
tings. The fact that micronutrients can have either synergistic or antagonistic interactions further
complicates the interpretation of the current evidence. Therefore, further attention is needed for
complementary public health approaches, such as food fortification and dietary diversification, and
to establish the role of nutritional interventions as an adjunct to essential ART.
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GENERAL OVERVIEW AND INTRODUCTION

Over the last 10 to 15 years, significant advances have been made in implementing comprehensive
policies to prevent HIV transmission from mother to child (MTCT) (Table 7.1). This has culmi-
nated in the population-level reduction of MTCT (Table 7.2) even in high HIV-prevalence settings
(Goga et al., 2015). Consequently, the global agenda has shifted from the prevention of MTCT
(PMTCT) to the elimination of MTCT (EMTCT). In resource-limited settings where breastfeed-
ing is a critical child survival strategy, EMTCT was initially defined as a reduction in MTCT to
<2% by six weeks postpartum and <5% by 18 months postpartum (UNAIDS, 2011). More recently,
the World Health Organization (WHO) introduced specific criteria to measure the elimination of
MTCT (WHO, 2014):

* New pediatric HIV infections due to MTCT of HIV are <50 cases per 100,000 live births.
e The MTCT rate of HIV is less than 5% in breastfeeding populations or less than 2% in
non-breastfeeding populations.

These two impact indicators must be achieved for at least one year.
The following process indicators must be achieved for at least two years:

* At least 95% of pregnant women have received at least one antenatal visit, regardless of
their HIV status.

* Atleast 95% of pregnant women know their HIV status.

* Atleast 90% of HIV-positive pregnant women receive antiretroviral drugs.

The United Nations recommends a four-pronged approach to PMTCT (UNAIDS, 2011):
1. Primary prevention of incident HIV infections in women of childbearing age
2. Prevention of unplanned pregnancies in HI'V-infected women

3. Specific drug and intrapartum interventions to prevent MTCT
4. Care, treatment, and support to mothers and their families living with HIV
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TABLE 7.1

Summary of WHO PMTCT Guidelines: 2000 to Date

2000-2006°

AZT, AZT +
3TC, or
sdNVPe or
combinations
(as ART)

Choice should
consider
feasibility,
efficacy, and
cost

2006-May 2010

Treatment for mother

ART [AZT + 3TC + NVP
(or EFV) for stage 3 or 4
disease, or stages 1 and 2
disease with CD4 cell
count < 200 cells/mm?

Post-exposure prophylaxis
for infant

AZT x 7 days

or

Prophylaxis for mother

Antepartum: AZT from 28
weeks gestation

Intrapartum: sdNVP +
AZT/3TC

Postpartum: AZT/3TC x 7
days

Post-exposure prophylaxis
for infant

sdNVP + AZT x 7 days (or
28 days if no maternal
prophylaxis)

June 2010-March 2012¢

Treatment for mother

ART if CD4 < 350 cells/mm? or stage 3
or 4 disease: AZT + 3TC + NVP (or
EFV) or TDF + 3TC (or FTC) +
NVP (or EFV)®

Post-exposure prophylaxis for infant

Daily NVP or twice daily AZT x 4-6
weeks

or

Option A

Prophylaxis for mother

If CD4 count < 350 cells/mm?, triple
ART starting as soon as diagnosed
and continue for life.

If CD4 count > 350 cells/mm?,
antepartum AZT from 14 weeks
gestation; intrapartum sdNVP and
AZT + 3TC; postpartum AZT + 3TC
X 7 days

Post-exposure prophylaxis for infant

Daily sdNVP for 6 weeks in non-
breastfed infants or if mother on ART,
or daily sdNVP until 1 week after BF
stops if mother is breastfeeding and
not on ART

Option B

Prophylaxis for mother

All pregnant women will be started on
ART regardless of CD4 cell count:
AZT + 3TC + LPV/r (or ABC or EFV)
or TDF + 3TC (or FTC) + EFV

If CD4 count < 350 cells/mm?, ART will
be continued for life

If CD4 count >350 cells/mm?, ART
will be started as early as 14 weeks
gestation, continue intrapartum and
through childbirth, and then stopped if
not breastfeeding or continued until 1
week after complete cessation of
breastfeeding

Post-exposure prophylaxis for infant

Daily NVP or AZT from birth to 4-6
weeks

April 2012 to Date

During this period, maternal
treatment evolved from
Option A to Option B and
then to Option B+. B+
includes lifelong ART for all
pregnant and lactating
women.

Treatment for mother

AZT + 3TC + NVP (or EFV)*
or TDF + 3TC (or FTC) +
NVP (or EFV)e

Post-exposure prophylaxis for
infant

Daily NVP or twice daily AZT
X 4-6 weeks; treatment may
continue to 12 weeks if
mother started ART late or is
not virally suppressed

Note: 3TC, lamivudine; ABC, abacavir; ART, triple antiretroviral therapy; AZT, azidothymidine; BF, breastfeeding; EBF,
exclusive breastfeeding; EFV, efavirenz; FF, formula feeding; FTC, emtricitabine; LPV/r, lopinavir/ritonavir; NVP, nevi-
rapine; sdNVP, single-dose nevirapine.

2 UNFPA et al. (2000).

> WHO (2006).
¢ WHO (2010).
4 WHO (2012).

¢ At the time, guidelines recommended avoiding EFV in the first trimester and using NVP instead.
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TABLE 7.2

Estimated Timing and Risk of Mother-to-Child Human Immunodeficiency Type 1
Transmission without Antiretroviral Interventions and with Minimal Antiretroviral
Prophylaxis

Without Antiretroviral Cover

Breastfeeding through

No Breastfeeding 18-24 Months With Minimal Antiretroviral Cover
Relative Absolute Relative Absolute Breastfeeding No Breastfeeding
Timing Proportion Risk Proportion Risk Absolute Risk Absolute Risk
Intrauterine 25-35% 5-10% 20-25% 5-10%
2.6%* <0.5%¢
Intrapartum 65-75% 10-20% 35-50% 10-15%
Breastfeeding 0 0 25-45% 15-20% Cumulative risk 4% 0

(3—6%) on triple ART
or infant prophylaxis
by 48 weeks
Overall Not 15-30% 0 30-45% 3-6% <0.5%
applicable

Source: De Cock, K.M. et al., JAMA, 283(9), 1175-82, 2000.

4 Goga et al. (2016).
b Jamieson et al. (2012).
¢ Forbes et al. (2012), Townsend et al. (2014).

In the absence of antiretroviral interventions, the absolute risk of MTCT is 5 to 10% during
the intrauterine period, 10 to 20% during the intrapartum period (De Cock et al., 2000), and 15 to
20% through 18 to 24 months of breastfeeding, or approximately 0.89% per month of breastfeeding
(Table 7.2) (BHITS Study Group et al., 2004). With antiretroviral interventions, the risk of MTCT
has been reduced significantly (Table 7.2).

The main risk factors for MTCT are maternal viral load (which is closely related to disease
stage, type of antiretroviral regimen, duration of regimen, and adherence) and infant exposure to
infectious fluids (amniotic, cervical, vaginal, and breast milk). The infectivity of amniotic, cervical,
and vaginal fluids is closely related to co-infections and type of delivery; breast milk infectivity is
closely associated with breastfeeding pattern and duration.

In utero infection is thought to occur mainly in the last trimester, as the placenta seems to block
transmission of free HIV-1 virus (by unknown mechanisms) (Dolcini et al., 2003). Thus, in utero
infection depends on breaks in the placental barrier or transcytosis of infected cells (Lagaye et al.,
2001). In recent years, research has demonstrated that early and long-term dual and triple antiret-
roviral therapy (ART) among HIV-positive women with higher CD4 cell counts (250 to 500 cells/
mm?) has HIV-free survival benefits for their infants (Kumwenda et al., 2008; SWEN Study Team,
2008; Shapiro et al., 2010). This resulted in the adoption of policies that recommend ART for all
HIV-positive pregnant or lactating women, regardless of their health status, viral load, and CD4
cell count, thus strengthening the third of the four PMTCT prongs (National Department of Health
and SANAC, 2010; WHO, 2010; National Department of Health, 2013). Coverage of more effica-
cious antiretroviral regimens leading toward lifelong ART use at population level has increased
substantially over the past two to five years. For example, between 2011 and 2012, coverage of
more advanced antiretroviral regimens (i.e., not single-dose nevirapine) for PMTCT increased
from 57% (95% Cl, 51-64%) to 62% (95% CI, 57-70%) (UNAIDS, 2013a). By 2014, the absolute
risk of MTCT was reduced to less than 1% in many developed countries (Lallemant et al., 2004;
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TABLE 7.3
Percentage Decline in New HIV Infections among Children from 2009 to
2015 in 20 Global Plan Priority Countries

>66% Decline 33%-66% Decline <33% Decline
Burundi (84%) Botswana (63%) Angola (24%)
Malawi (71%) Cameroon (49%) Nigeria (21%)
Mozambique (75%) Chad (49%)

Namibia (79%) Cote d’Ivoire (36%)

South Africa (84%) Democratic Republic of the Congo (66%)

Swaziland (80%) Ghana (46%)

Uganda (86%) Kenya (55%)

United Republic of Tanzania (69%)  Lesotho (44%)

Zambia (69%) Zimbabwe (65%)

Source: UNAIDS, On the Fast-Track to an AIDS-Free Generation: The Increadible Journey of the
Global Plan Towards the Elimination of New HIV Infections Among Children by 2015 and
Keeping Their Mothers Alive, Joint United Nations Programme on HIV/AIDS, Geneva,
2016 (http://www.aidsdatahub.org/fast-track-aids-free-generation-unaids-2016).

Forbes et al., 2012; WHO, 2012) where breastfeeding is avoided. Between 2009 and 2015, the
number of children newly infected with HIV declined in most of the 22 countries where 90% of
the world’s HIV-positive pregnant women live (Global Plan priority countries), though at varying
rates (Table 7.3) (UNAIDS, 2013b).

Data on the population-level impact of interventions to prevent MTCT in resource-limited set-
tings are scanty. We define population-level impact as impact at a national level, which is different
from impact in one facility or district. In South Africa, at the population level, early MTCT was
reduced to 3.5% by eight weeks postdelivery when PMTCT interventions included maternal pro-
phylaxis (AZT from 28 weeks gestation with a single dose of nevirapine to mother and baby peri-
partum, and 7 to 28 days AZT) or ART if maternal CD4 cell count < 250 cells/uL (Goga et.al. 2013,
2015). Population-level early MTCT was further reduced to 2.6% by eight weeks postdelivery when
the national PMTCT policy was WHO Option A (Table 7.1) (Goga et al., 2016).

As more intensive antiretroviral regimens reduce the risk of intrauterine and intrapartum
MTCT, the attributable risk of MTCT through breastfeeding increases, necessitating more focused,
advanced, and intensive interventions to achieve the goal of EMTCT. This refers to potentially
identifying key high-risk target populations (focused), developing more potent drugs (advanced),
and increasing the duration of maternal ART used to reduce maternal viral load and prevent
MTCT (intensive) during this and subsequent pregnancies. By 2016, all global plan priority coun-
tries had shifted to WHO Option B+, which is a public health approach to reduce vertical and hori-
zontal transmission of HIV (BLC and UNICEF, 2012). Several concerns have been raised around
PMTCT Option B+ (Coutsoudis et al., 2013), and some of these have been demonstrated at the
country level. A recent national assessment of retention in “Option B+ care” among HIV-infected
women in Malawi found that 17% were lost to follow-up six months after ART initiation; most
losses occurred in the first three months of initiation (Tenthani et al., 2014). Option B+ pregnant
women with CD4 cell count > 350 cells/mL were five times more likely to be lost to follow-up
than women who started ART in WHO stage 3 or 4 or with a CD4 cell count < 350 cells/mL (odds
ratio [OR], 5.0; 95% CI, 4.2—6.1). Option B+ patients who started therapy postnatally were twice as
likely to miss their first follow-up visit (OR, 2.2; 95% CI, 1.8-2.8). Loss to follow-up was highest
in pregnant Option B+ patients who initiated ART at large clinics on the day they were diagnosed
with HIV (Tenthani et al., 2014).
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ROLE OF BREAST MILK IN HIV-FREE SURVIVAL, WAYS
TO OPTIMIZE BREASTFEEDING PRACTICES, AND THE
PATHOGENESIS OF BREAST MILK HIV TRANSMISSION

Malnutrition predisposes to infection, and infection commonly aggravates malnutrition, resulting
in a vicious cycle (Scrimshaw et al., 1968; Scrimshaw, 2003). In resource-limited settings, com-
mon childhood infections are the main causes of infant and under-5 mortality. This vicious cycle
among malnutrition, infection, and mortality necessitates close attention to nutrition to reduce
under-5 mortality (United Nations, 2012) and to meet the post-2015 Sustainable Development
Goals (United Nations, 2014). Post-2015 Goal 2 aims to end hunger, improve nutrition, and pro-
mote sustainable agriculture (to end all forms of malnutrition by 2020, with special attention to
stunting and wasting in children under 5 years of age, and to address the nutritional needs of preg-
nant and lactating women). Goal 3 aims to attain healthy lives for all (end preventable newborn,
infant, and under five deaths by 2030 and end the epidemics of HIV/AIDS, tuberculosis, malaria,
and neglected tropical diseases). Pattern of feeding is a significant predictor of malnutrition and
consequent child morbidity and mortality (Victora et al., 1987, 1989; WHO Collaborative Study
Team, 2000; Black et al., 2008). Following are the WHO definitions of infant feeding (Labbok
and Krasovec, 1990):

* Exclusive breastfeeding (EBF) means giving the infant breast milk only and any minerals,
vitamins, or prescribed medicines as needed for the first six months.

*  Mixed breastfeeding (MBF) means giving the infant breast milk and other fluids and solids.
MBF may be further classified into predominant breastfeeding and partial breastfeeding:

e Predominant breastfeeding (PredBF) means giving the infant breast milk and non-
nutritive liquids.

e Partial breastfeeding (ParBF) means feeding breast milk and non-nutritive and nutri-
tive liquids and solids.

* Exclusive formula feeding (EFF) means giving the infant only commercial infant formula
milk for the first six months of life.

* Replacement feeding (RF) refers to the process of feeding a child who is not receiving
any breast milk a diet that provides all the nutrients the child needs until the child is fully
fed on family foods. During the first six months a suitable breast milk substitute should
be used, and, subsequently, complementary foods made from appropriately prepared and
nutrient-enriched family foods should be added. This can also been referred to as not
breastfeeding (NBF).

Compared with exclusive breastfeeding, predominant breastfeeding, partial breastfeeding, and
not breastfeeding are associated with adverse child outcomes (Black et al., 2008):

* A higher overall mortality risk in general—EBF risk ratio [RR] 1.48 (95% CI, 1.13-1.92),
PredBF RR 2.85 (95% CI, 1.59-5.10), and ParBF RR 14.40 (95% CI, 6.09-34.05) at 0 to 5
months and NBF RR 3.86 (95% CI, 1.49-9.29) at 6 to 23 months

* A higher mortality risk from diarrhea—EBF RR 2.28 (95% CI, 0.85-6.11), PredBF RR
4.62 (95% CI, 1.81-11.77), and ParBF RR 10.53 (95% CI, 2.80-39.64) at O to 5 months and
NBF RR 2.83 (95% CI, 0.15-54.82) at 6 to 23 months

* A higher mortality risk from pneumonia—EBF RR 1.75 (95% CI, 0.48—-6.43), PredBF RR
2.49 (95% (I, 1.03-6.04), and ParBF RR 15.13 (95% CI, 0.61- 373.84) at 0 to 5 months and
NBF RR 1.52 (95% CI, 0.09-27.06) at 6 to 23 months

Globally, universal coverage with EBF for six months and continued breastfeeding up to one year
may prevent 13% of under-5 deaths globally, even in the context of HIV (Jones et al., 2003).
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Although exclusive breastfeeding is not commonly practiced, three seminal papers, published in
The Lancet between 1999 and 2011, reported results of clinical trials in Mexico, Bangladesh, and
Africa that demonstrated improvements in exclusive breastfeeding practices after well-designed,
home-based interventions. In a randomized controlled trial conducted in Dhaka, Bangladesh, local
mothers who received 10 days of training and graduated as peer counselors implemented a peer
counseling intervention for breastfeeding (Haider et al., 2000). Fifteen home-based counseling vis-
its were scheduled between pregnancy and five months postpartum: two visits were in the last
trimester, three in the first two weeks postdelivery (within 48 hours, on day 5, and between days
10 and 14), and one visit every two weeks thereafter until five months postpartum. Peer counseling
significantly improved breastfeeding practices: the prevalence of exclusive breastfeeding at five
months was 202/228 (70%) for the intervention group and 17/285 (6%) for the control group (differ-
ence = 64%; 95% CI, 57-71%); p > 0-0001). Mothers in the intervention group initiated breastfeed-
ing earlier than control mothers and were less likely to give prelacteal and postlacteal foods.

A similar trial in peri-urban Mexico compared three-month breastfeeding practices among three
groups: (1) six peer counseling visits between pregnancy and early postpartum, (2) three peer coun-
seling visits, or (3) a “no visit” control group (Morrow et al., 1999). Peer counselors were recruited
from the same community and trained by La Leche League. At three-months postpartum, EBF
was practiced by 67% of mothers receiving six visits, 50% of those receiving three visits, and 12%
of control mothers (intervention groups vs. controls, p <0.001; six visits vs. three visits, p = 0-02).
Duration of breastfeeding was significantly (p = 0.02) longer in intervention groups than in controls,
and fewer infants of mothers in the intervention group, compared with the control group, had epi-
sodes of diarrhea (12% vs. 26%; p = 0.03).

A cluster randomized trial from Africa, conducted among 24 communities in Burkina Faso, 24
in Uganda, and 34 in South Africa, compared five home visits (one antenatally and four subsequent
visits up to 10 to 20 weeks postdelivery) with a control group (Tylleskar et al., 2011). At 12 weeks
postdelivery, the reported EBF prevalence (based on 24-hour recall) was higher in the intervention
arm compared to the control arm in all countries:

e In Burkina Faso, 79.1% for the intervention arm vs. 34.6% for the control (prevalence ratio
[PR] adjusted for cluster and site, 2.29; 95% CI, 1.33-3.92)

e In Uganda, 81.6% for the intervention arm vs. 43.9% for the control (PR, 1.89; 95% CI,
1.70-2.11)

e In South Africa, 10.5% for the intervention arm vs. 6.2% for the control (PR, 1.72; 95%
CI, 1.12-2.63)

The prevalence ratios based on seven-day recall results were similar. At 24 weeks, the overall preva-
lences were lower, but the prevalence ratios remained similar.

HIV transmission through breast milk potentially begins with the first exposure to breast milk.
The main portal of entry is the infant’s gastrointestinal tract, starting from the mouth. There is
general agreement that MTCT through breast milk is surprisingly inefficient, considering the large
volumes of HIV-1-contaminated breast milk ingested by infants born to untreated HIV-1 infected
mothers (Lohman-Payne et al., 2012). Although the average six-month old ingests more than 100
liters of milk from birth to six months, on average only 15 to 20% of infants will be infected through
breastfeeding even without any antiretroviral (ARV) interventions.

Understanding the stages of lactogenesis, as well as physiology and immunology, helps to guide
the interventions necessary to prevent HIV transmission through breast milk. Lactogenesis is
divided into three stages:

1. Lactogenesis I, which occurs from mid-to-late pregnancy until days 2 to 3 postpartum
2. Lactogenesis 11, which occurs from days 2 to 3 postpartum until day 8 postpartum
3. Lactogenesis III, which occurs after day 8 postpartum
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During lactogenesis I, mammary alveolar epithelial cells differentiate into secretory cells, fat
droplets accumulate, and the concentration of lactose and lactalbumin increases in alveolar cells.
During this predominantly antenatal stage, the pregnant woman is primed for milk production
and breastfeeding. The main source of infant nutrition during days O to 3 is colostrum, packed
with lactalbumin and other immune molecules that play a role in inhibiting viral replication. Any
disruption to lactogenesis I could affect the concentration of immune protection in breast milk.
This, coupled with inadequate antenatal antiretroviral cover (less than four weeks of maternal
ART), which increases plasma and thus, breast milk viral load, thereby increases early (peripar-
tum) MTCT through breast milk.

During lactogenesis II there is onset of copious milk secretion. Triggered by delivery of the
placenta and a reduction in serum progesterone and estrogen, milk volume increases rapidly
from 36 to 96 hours postpartum and then abruptly levels off. This is accompanied by closure of
the tight intracellular junction complexes between alveolar cells, reduction in the concentration
of breast milk sodium chloride and protein, and an increase in lactose and lipids. Oxytocin and
prolactin are released, and there is an increase in maternal metabolism and mammary blood flow.
Any circumstance that prevents the closure of tight intracellular junctions, such as non-exclusive
breastfeeding and inflammation (subclinical or clinical mastitis), increases the risk of MTCT dur-
ing days 2 to 8 (Semba et al., 1999). During lactogenesis III there is autocrine regulation of milk
production (galactopoesis). Factors that increase the risk of MTCT during lactogenesis 11 also
play a role in increasing MTCT during this phase.

The population attributable fraction (PAF) of viral load and CD4 cell count to late postnatal
MTCT in Malawi, Tanzania, and Zambia varies from 16 to 37%, depending on CD4 cell count
and viral load (see Table 7.4). Thus, a substantial proportion of late postnatal transmission (LPT)
is accounted for in high-risk women with low CD4 and high viral load (VL). Treating these high-
risk women with antiretroviral therapy is essential. There is evidence that low viral load is pro-
tective against transmission; however, not all transmission occurs among women with high viral
loads (see Table 7.4) (Townsend et al., 2014).

Data on the role of breast milk immunological factors in the prevention of MTCT are increas-
ingly emerging (Rowland-Jones et al., 1993; Lohman-Payne et al., 2012; Hicar, 2013). Data from
South Africa and Europe suggest that HIV-exposed, uninfected infants can develop HIV-1 spe-
cific T-cell responses (Cheynier et al., 1992; Rowland-Jones et al., 1993; Aldhous et al., 1994;
Kuhn et al., 2001). A study in Nairobi demonstrated that resistance to postnatal HIV transmission
correlated with the magnitude of the HIV-1 specific T-cell response (John-Stewart et al., 2009).
This provides optimism that enhancing the immune response to HIV-1 using immunotherapeutic
strategies could confer protection against later infection. Table 7.5 lists these protective properties
and their role.

TABLE 7.4
Population Attributable Fractions for Late Postnatal Transmission in Sub-Saharan Africa
Population
Late Postnatal Total Expected  Attributable
RF Period Incidences  Incidences Fraction 95% CI
CD4 > 200 cells/mm? and viral load 42-365 days 78 49.5 37 22-51
> 50,000 copies/mL
CD4 < 200 cells/mm? 42-365 days 77 57.2 26 12-36
CD4 < 200 cells/mm? and viral load 42-365 days 73 61.1 16 6-25
> 50,000 copies/mL

Source: Chen, Y.Q. et al., Journal of Acquired Immune Deficiency Syndromes, 54(3), 311-316, 2010.
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TABLE 7.5
Immunologic Properties in Breast Milk and Infant Responses to HIV Exposure May Protect
Against MTCT

Immunologic Property of Breast Milk Protection Conferred

Secretory immunoglobulin A (sIgA) Local immunity against entry of HIV, although some studies have shown that
sIgA does not appear to be a protective factor against HIV transmission
through breast milk (Kuhn et al., 2006)

T and B cells Antiviral activity

Oligosaccharides Form viral ligands to prevent mucosal entry of free HIV

A higher concentration of human milk oligosaccharides (HMOs) was
associated with a reduced odds of breastfeeding transmission after adjusting
for CD4 cell count and breast milk HIV viral load (OR, 0.45; 95% CI,
0.21-0.97; p = 0.06).

The proportion of 3’-sialyllactose was higher among transmitting women than
among non-transmitting women (p = 0.003) and correlated with higher plasma
and breast milk HIV RNA and lower CD4 cell counts (Bode et al., 2012).

Glycoconjugates Form viral ligands to prevent mucosal entry of free HIV

a-Defensins a-Defensins have been associated with a reduction in the risk of intrapartum
and postnatal mother-to-child transmission.

IFN-vy cellular immune responses HIV-specific IFN-y-secreting cells present in the breast milk of the majority of
HIV-1-infected mothers confer a 70% reduction in the likelihood of early
mother-to-child transmission.

Breast milk IFN-y responses were associated with an approximately 70%
reduction in infant HIV infection (adjusted odds ratio, 0.29; 95% CI,
0.092-0.91) (Lohman-Payne et al., 2012).

Research in Kenya demonstrated a correlation between HIV antigenic exposure
and infant IFN-y responses in HIV-exposed, uninfected infants (Liu et al., 2015).

Immunologic responses in infants: Some data suggest that infants exposed to HIV can develop HIV-1-specific

specific T-cell responses T-cell responses. It is unclear whether this contributes to protection against
HIV infection; however, it has been found that resistance to postnatal
mother-to-child transmission correlates with the magnitude of HIV-1-specific
T-cell responses in a Kenyan study.

Source: Lohman-Payne, B. et al., Advances in Experimental Medicine and Biology, 743, 185-195, 2012.

HIV transmission through breast milk is thus a balance between the protection offered by the
immune system (natural immunity and host responses within the mother and infants) and the fol-
lowing characteristics:

e Plasma viral load

e Breast milk viral load

e Maternal co-infections

* Leaky alveolar cell junctions

e HIV-I1 subtype

e Maternal/infant genetic factors

BREAST MILK HIV TRANSMISSION BEFORE THE ERA
OF ANTIRETROVIRAL INTERVENTIONS

Studies conducted in African settings before antiretroviral (ARV) interventions were available made
the main recommendations shown below (Table 7.6).
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1. Breastfeeding should be avoided or stopped early to prevent MTCT through breast milk.
The rationale was that most MTCT through breast milk occurred early. A Kenyan study
found that HIV-free survival at two years of age was better among infants who avoided
breastfeeding; however, findings were contradictory, and some later studies suggested
that breast milk infectivity remains high and constant throughout breastfeeding (see
Table 7.6).

2. Better breastfeeding technique is necessary (exclusive breastfeeding with good attach-
ment) to prevent mastitis.

3. Lowering plasma and breast milk viral load and increasing CD4 cell count are critical
interventions to reduce postnatal MTCT.

BREAST MILK HIV TRANSMISSION WITH MINIMAL VS.
MULTI-DRUG ANTIRETROVIRAL INTERVENTIONS

Table 7.7 shows how knowledge of postnatal MTCT evolved between 1999 and 2005 when:

» The pattern of breastfeeding was found to influence the risk of MTCT.

e The risk of MTCT through breastfeeding remained high and constant throughout
breastfeeding.

» Early cessation of breastfeeding was found to increase the risk of HIV infection or death.

* Replacement feeding (avoiding breastfeeding and feeding infants commercial infant for-
mula) was found to increase infant morbidity and mortality by six months postpartum
although these differences were attenuated by two years postpartum.

Recent studies on prophylaxis during breastfeeding consistently show that maternal ART alone
(Kilewo et al., 2009) or with one week (Kesho Bora Study Group and de Vincenzi, 2011), four
weeks (Shapiro et al., 2010), or 24 weeks infant prophylaxis (Jamieson et al., 2012) or infant prophy-
laxis alone (with limited maternal prophylaxis; no ART) for six weeks (SWEN Study Team, 2008),
14 weeks (Kumwenda et al., 2008), or 24 weeks (Afolabi et al., 2013) reduces postnatal HIV trans-
mission (i.e., breast milk transmission; see Table 7.8). Maternal postnatal regimens appear to be just
as efficacious as infant postnatal regimens, although the BAN study suggests that at 28 weeks there
was a trend favoring infant nevirapine over maternal ART (both used from one week to six months
postdelivery) (Jamieson et al., 2012). The Post-Exposure Prophylaxis in Infants (PEPI) trial showed
that, adjusting for risk factors (maternal CD4 cell count, maternal presentation <4 vs. 24 hours
before delivery, sex of infant, and infant birthweight), nine-month HIV-free survival was higher
among infants who received 14 weeks postnatal prophylaxis compared with control infants who
only received one week of ARV cover (Table 7.8) (Kumwenda et al., 2008). Both PEPI (Kumwenda
et al., 2008) and SWEN (2008) show that the protective effect of infant postnatal prophylactic ARV
regimens on breast milk HIV transmission stops once the regimens stop (Kumwenda et al., 2008;
SWEN, 2008).

KNOWLEDGE GAPS AND FUTURE INTERVENTIONS AND RESEARCH

Immune therapy and vaccination are current innovations being investigated to reduce postnatal
MTCT though breastfeeding. The main question is whether this should be administered to mother
or baby. The immunotherapeutic trials applicable to MTCT are summarized in Table 7.9. The third
row (PACTG 230) highlights the agents that are currently most promising. A mucosal vaccine for
infants could exploit the common mucosa-associated lymphoid tissue through oral or nasal deliv-
ery. Attenuated canary pox vector (VCP 205) and Salmonella vaccine vector (CKS257) vaccine
platforms have been well tolerated. A modified vaccinia virus Ankara (MVA)-vectored vaccine is
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also currently under evaluation in an open randomized phase I/II study. Apart from these innova-
tions, the only other intervention being considered is maternal antiretroviral therapy throughout the
breastfeeding period. This will be covered in the sections that follow.

POLICIES ON HIV AND INFANT FEEDING

Policies on HIV and infant feeding have been based on the child survival benefits of breastfeeding,
which have been well documented and appreciated for several decades. Even early records from the
Middle Ages showed the poor outcome of abandoned infants being fed artificial milk compared to
those fed human milk (Matthews-Grieco, 1991). Increases in technological prowess encouraged the
baby food industry to produce what they were convinced was equivalent to human milk. Despite the
labeling that “breast is best,” the underlying concept communicated was “but formula milk is not bad;
it is just a different choice,” thereby leading the public and policymakers to forget some of the earlier
well-established risks of formula feeds (Jelliffe and Jelliffe, 1978). This subtle communication also
portrayed the food companies as protectors of mothers’ rights in an age where women might want
to overcome the need to provide human breast milk to their children and the supposed restrictive
barriers imposed by breastfeeding. HIV and infant feeding policies must be understood against the
backdrop of this swing against breastfeeding by modern women and society. In 1985, when HIV was
first reported, it was no surprise that very soon the U.S. Centers for Disease Control (CDC) issued
guidelines that recommended avoidance of all breastfeeding by HIV-infected women (CDC, 1985).
These recommendations created a huge dilemma: On the one hand, it would be difficult for poorer
countries to justify following this guidance without putting infants at risk of mortality, but, on the
other hand, international agencies did not want to be accused of double standards. Eventually, the
World Health Organization (WHO) and other agencies navigated their way through this conundrum
by encouraging avoidance of breastfeeding in well-developed countries, where it was assumed that
the environmental conditions and health systems adequately ameliorated the risks of formula feeding.
Initially, this was supported by research (see Table 7.6). In resource-limited settings where this was
clearly not the case, the WHO/United Nations Children’s Fund (UNICEF) consensus statement advo-
cated breastfeeding with early cessation (by three to four months postdelivery) among HIV-positive
women as the safest option or avoiding breastfeeding altogether, if safe to do so (WHO, 1992).

The next milestone to be met was the need to quantify the risk of HIV transmission through
breastfeeding in order to better inform policy. One of the first key studies was a randomized con-
trolled trial (RCT) of breastfeeding vs. formula feeding from Kenya (Nduati et al., 2000), which
reported postnatal transmission of HIV of 16% (95% CI, 17-26%) (see Table 7.6). This prevalence
was consistent with a previous prevalence estimated through a meta-analysis conducted by Dunn et
al. (1992). This Kenyan study, which reported good outcomes on formula feeding, was criticized for
methodological flaws and limitations of generalizability (Bulterys, 2000), and these findings were
never replicated even in some of the large studies (WHO Collaborative Study Team, 2000; Thior et
al., 2006; Becquet et al. 2007; Coovadia et al., 2007). Nevertheless, because this study was an RCT
and therefore categorized as high-quality evidence, it became instrumental in the WHO policy shift
in 2000 toward support of formula feeding. This shift in policy implied that formula feeding was,
under the circumstances, the best option for HIV-positive women and should be supported. In order
to be sure that no women in poor communities were put at unnecessary risk, WHO introduced a
caveat to their policy: Formula feeding would only be encouraged when it was

e Acceptable and
e Feasible and

e Affordable and
e Sustainable and
e Safe
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This guidance became known as the AFASS criteria (see Figure 7.1) (WHO Collaborative Study
Team, 2000; WHO et al., 2003). This new mantra enabled policymakers and healthcare workers to
inject renewed confidence into formula feeding, leading to several countries and beneficent agencies
providing HIV-infected mothers with free commercial infant formula milk in the belief that, if the
affordability and sustainability criteria of the AFASS mantra were satisfied, then formula feeding
with the avoidance of breastfeeding would automatically be safe. Despite several calls to reconsider
the policy of free formula distribution (Coutsoudis et al., 2002, 2008), countries were slow to give
up their renewed confidence and instead concentrated on a narrow view of attempting to minimize
the risks of environmental contamination among formula-feeding mothers. Countries attempted
to make situations and settings AFASS compliant but in doing so clouded two important realities:

1. Implementing the AFASS criteria was not simple and depended on the counseling skills
and perspectives of healthcare personnel and infant feeding counselors; of concern is that
very few settings have trained infant feeding counselors to optimize the correct implemen-
tation of the AFASS criteria.

2. No matter how “clean” and safe a setting is, excluding breast milk from the diet of an
infant also excludes the important immune components in breast milk that confer the well-
documented benefits of breastfeeding (Goldman, 1993; Labbok et al., 2004; Morrow and
Rangel, 2004; Hanson, 2007).

The years that followed were littered with anecdotal personal stories and evidence from several
studies that either encouraged no or a shorter duration (three to four months) of breastfeeding and
found marked increases in diarrheal morbidity—in some settings, even increased early mortality
(Phadke et al., 2003; Kagaayi et al., 2008; Peltier et al., 2009; Homsy et al., 2010; Kafulafula et al.,
2010; Nyandiko et al., 2010; Onyango-Makumbi et al., 2010). During this time, it was not surpris-
ing that even in developed countries where formula feeding was supposedly AFASS compliant and
mothers were predominately HIV uninfected, the increased morbidity associated with formula feed-
ing was also documented (Chantry et al., 2006; Quigley et al., 2007; Bartick and Reinhold, 2010).

With hindsight, it is unfortunate that policymakers forged ahead with anti-breastfeeding poli-
cies in the context of HIV. This is indeed the dilemma we face often in public health—the need
for action is usually far more urgent than the need for hard data to justify specific actions (Figure
7.2). It is not usually clear when the best time is to move ahead with policies. Is one RCT enough?
The decision is usually based on a risk/benefit analysis. In this case, there is a possibility that the
pressure to save infants from HIV infection outweighed the pressure to save infants from other
infectious diseases; consequently, less attention was given to the risk/benefit analysis. This is not
surprising, given the backdrop of very effective marketing conducted by formula milk companies,
which seduced countries into thinking that commercial infant formula is a safe alternative for the
majority of people.

Gradually, as a result of a variety of events, the death knell of the free formula milk program was
felt in many resource-limited settings, including South Africa, the country with the largest PMTCT
and free formula milk distribution program:

1. A South African evaluation of the safety of preparation of formula feeds documented that
even women who had been well trained on formula milk preparation and who had met
the AFASS criteria experienced problems with incorrect preparation. This South African
evaluation reported that 63% of the bottles collected from mothers during their PMTCT
clinic visits were found to be heavily contaminated by Escherichia coli (Andresen et al.,
2007).

2. Healthcare workers were reporting that, despite receiving counseling, mothers were expe-
riencing difficulties in making an informed decision as to whether their circumstances
met the AFASS criteria. Their decisions were made all the more complex by the fact that
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Antenatal Infant Feeding Options Counseling

O Working refrigerator?
(feasible) Financial stability? []
(R 400 extra to spend per
month on formula, bottles,
sterilizing liquid, transport to
clinic etc. Needed for 1 year.)
(affordable and sustainable)

[ Fuel source?
(electricity or gas)
(feasible)

[ Disclosure of status to
partner and household?
(acceptable)

Piped, running []
water in home?
(safe)

If ALL FIVE of the boxes are NOT ticked, please do not recommend replacement feeding
and do recommend six months of exclusive breastfeeding for this mother and her infant.

Feeding recommendation made to mother:

Maternal feeding choice:

« I have explained the risks and benefits of this feeding choice to my client

Note: general safety point — where IMR is > 25/1000 formula feeding in
the first 6 months is not safe.

(From Anna Coutsoudis, Department of Paediatrics and Child Health, University of
KwaZulu Natal, South Africa)

“Please note that in the HIV/infant feeding guidelines we normally talk about non-breastfeeding as
replacement feeding and this basically means anything other than breastmilk so it could be commercially
prepared powdered formula milk or animal milk which has been diluted (and modified at home)

to make it more suitable for infants.

In South Africa most women who will replacement feed will use formula milk as the difference in cost
between formula milk and animal milk is not that large whereas in other parts of Africa the cost of
formula milk is very high.”

FIGURE 7.1 Example of an algorithm used to apply the AFASS Criteria in South Africa. (Courtesy of A.
Coutsoudis, Department of Paediatrics and Child Health, University of KwaZulu Natal, South Africa.)

Political pressure Evidence-based
and advocacy for policy making
action to save lives
from HIV infection The need for
child survival
Pressure from infant free of HIV and
milk companies other diseases
Public
health

FIGURE 7.2 Dilemma faced by public health.
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free formula was being distributed by the healthcare workers themselves, resulting in an
inadvertent message: “Surely, if healthcare workers are distributing it, then it must be a
good choice similar to the other good things they provide, such as immunizations and
family planning.”

3. A study examining choices that mothers made documented that many mothers were mak-
ing inappropriate choices: 67% of women who did not meet AFASS criteria actually used
formula feeding, and infants of these women who chose to formula feed without fulfilling
the AFASS criteria had the highest risk of HIV transmission/death (HR, 3.63) (Doherty et
al., 2007).

4. Finally, problems with sustained access due to the mobility of populations, as well as clin-
ics running out of formula milk supplies, were documented in an evaluation of the South
African program (Chopra and Rollins, 2008).

During this period of strong promotion of formula feeding for HI'V infected mothers, a surpris-
ing result from a South African observational study caused controversy. This report documented
that mothers who exclusively breastfed for three months compared to mothers who mixed-breast-
fed during this period were less likely to transmit HIV to their infants during breastfeeding
(Coutsoudis et al., 1999, 2001) (see Table 7.7). This finding seemed counterintuitive at a time
when people considered the paradigm taken from bloodborne infections, that greater exposure
made infection more likely. Now this breastfeeding study was suggesting that the more exposure
the lower the transmission. Upon deeper investigation it became clear that there were sufficient
physiological mechanisms to give biological credence to this finding (Smith and Kuhn, 2000).
Understandably, WHO would not change its 2000 policy based on this single study, especially
because it was not an RCT. WHO did, however, concede that the guidelines should be tweaked
to suggest that when mothers breastfed they should exclusively breastfeed, and the reason given
in the gray material was not because it would reduce transmission but because of the known
morbidity and mortality benefits of exclusive breastfeeding. WHO called on scientists to test
these South African findings, and many groups then proceeded to do. Despite the different set-
tings, all of the studies (Coutsoudis et al., 2001; Illif et al., 2005; Coovadia et al., 2007; Kuhn
et al., 2007) reached the same conclusion that exclusive breastfeeding resulted in a significant
reduction in HIV transmission. The results of these studies led WHO to revise its infant feeding
policies in 2006 (WHO, 2006). The new guidelines strongly recommended six months of exclu-
sive breastfeeding. Although this was a welcome step in the right direction, unfortunately it was
misinterpreted to mean that when exclusive breastfeeding became no longer possible (i.e., at six
months), then all breastfeeding should stop. A Zambian study was specifically set up to test this
guideline by means of an RCT that randomized mothers to stop breastfeeding at four months or to
continue breastfeeding (see Table 7.7). The study reported very high rates of exclusive breastfeed-
ing; nevertheless, the results were rather shocking, as they showed no benefit of early cessation
of breastfeeding in terms of HIV-free survival and increased mortality in all infants resulted,
especially those who were HIV infected (Kuhn et al., 2008) (see Table 7.7).

What was also notable at this time was the need for support for HIV-infected women, regard-
less of infant feeding choice (Table 7.10). Clearly, the scene was set, and researchers and poli-
cymakers clearly understood that the next agenda was to find ways of protecting breastfeeding
further and making breastfeeding safer by raising CD4 cell count and reducing viral load, as
most postnatal transmission occurred in those mothers with high viral load and low CD4 (Kuhn
et al., 2010). The challenge then was to find strategies to reduce viral load in mothers and thereby
reduce HIV transmission. Originally, studies tested a variety of ARVs on mothers for six months
of breastfeeding (Kesho Bora Study Group and de Vincenzi, 2011), and then several studies tested
nevirapine prophylaxis given to infants for six weeks (SWEN Study Team, 2008) and 14 weeks,
and one study tested it for 24 weeks of breastfeeding (Kumwenda et al., 2008). All of the studies
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TABLE 7.10
Support for Infant Feeding among HIV-Infected Women Based on
the 2000 WHO Guidelines

Support Action
S Screen all women for HIV.
Send off CD4 cell counts on all HIV-positive women.
Screen all HIV-positive women for the six WHO AFASS criteria.

U Understand the mother’s personal and sociocultural context.

P Promote exclusive or predominant breastfeeding if all six criteria are not met.
Start postnatal prophylactic regimens to minimize postnatal HIV transmission.

P Promote exclusive formula feeding if all the criteria are met.

(6] Organize supplies of formula milk if mothers meet the criteria and choose to

formula feed; of cotrimoxazole for infants from 6 weeks of age; of prophylactic
antiretroviral if mothers do not meet the six criteria.
R Review mothers and infants in the first 3 days postnatally, in the first 2 weeks
postnatally, and monthly thereafter.
Review mothers’ and infants’ health, and infant feeding practices and techniques,
regardless of feeding choice.
Review adherence to antiretroviral regimens.
T Treat all mothers and children with antiretroviral therapy according to updated
recommendations.

Source: Goga, A., South African Journal of Child Health, 4(3), 66—-69, 2010.

showed a reduction in transmission. A Malawian study (the BAN study) conducted a three-arm
RCT during six months of breastfeeding; one control arm was compared with a second arm that
gave infants nevirapine prophylaxis and a third arm with mothers receiving ART (Jamieson et
al., 2012). Both experimental arms were shown to significantly reduce breastfeeding transmission
compared to the control. These studies, inevitably, once again necessitated a call for revision of
the guidelines; thus, in 2009 WHO revised its guidelines (WHO, 2009). These guidelines made
two important points:

1. In view of the result of previous guidelines that were known to be difficult for mothers

to interpret, they recommended that, “National or sub-national health authorities should
decide whether health services will principally counsel and support mothers known to
be HIV-infected to either: breastfeed and receive ARV interventions, or avoid all breast-
feeding, as the strategy that will most likely give infants the greatest chance of HIV-free
survival.” They further recommended that this decision should be based on international
recommendations and consideration of the socio-economic and cultural contexts of the
populations served by maternal, newborn and child health services; the availability and
quality of health services; local epidemiology, including HIV prevalence among pregnant
women; the main causes of maternal and child undernutrition; and the main causes of
infant and child mortality (WHO, 2009).

. The guidelines stated that breastfeeding should be encouraged for up to 12 months, and

that mothers who were eligible for ART (CD4 count < 350) should be prioritized for treat-
ment. Infants of mothers who are not prioritized for treatment should receive nevirapine
prophylaxis for the duration of the breastfeeding period (referred to as Option A), or the
mothers should receive ARVs (referred to as Option B) (see Table 7.1).
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At the end of 2012, the WHO guidelines were again changed in an attempt to operationalize poli-
cies by simplifying the processes and getting as many women as possible onto effective PMTCT
with a streamlined process from antenatal to postpartum care. Furthermore, based on evidence that
mothers with low CD4 counts who started ART had improved health, it was also argued that all
pregnant women regardless of CD4 counts should be started on treatment (ART) so their health could
be improved. Therefore, WHO recommended that countries who were using Option A should switch
to Option B (WHO, 2012) (see Table 7.1). When UNICEF published a business case produced by the
Clinton Health Access Initiative (BLC and UNICEEF, 2012), there was a concerted push for countries
to go even further and switch to Option B+, which would entail that all HI V-infected pregnant women
be started on ART for life regardless of CD4 count and stage of HIV. There is concern that once again
policies developed with a well-meaning passion for zero transmissions may be moving more swiftly
than the evidence justifies—a bit reminiscent of the policies around free formula milk. This may be
especially true for countries such as South Africa that carry the greatest burden of HIV. Can they
really afford to invest in so many ARVs when they have other important gaps in their health services?
Would the money not be better spent (Mayosi et al., 2012)? A group from South Africa (Coutsoudis
et al., 2013) and other researchers issued a warning that this push was premature. Furthermore, the
group at highest risk for MTCT (88%) and maternal mortality (92%) is comprised of women with CD4
counts < 350 cells/mm? (Kuhn et al., 2010). Under Options A and B, these women are already receiv-
ing lifelong ART; therefore, Option B+ adds very little additional benefit to this group of women.

In the absence of current conclusive evidence, many argued that it would be prudent to wait for the
results of a large international study, which is investigating the difference in effectiveness of Option
A vs. Option B and examining the benefits and side-effects of long-term ARVs in mothers with CD4
counts above 350 IMPAACT Network PROMISE studies, 1077BF). Preliminary findings, presented
at the 8th International Workshop on HIV Pediatrics in Durban, South Africa, in 2016 demonstrated
that the risk of MTCT was similar between breastfed infants on postnatal prophylaxis throughout
breastfeeding and mothers receiving ART during breastfeeding. All 2431 mothers enrolled in this
RCT had a CD4 cell count > 350 cells/mL (median, 686); median duration of breastfeeding was 15
months and cumulative postnatal MTCT at 18 months was 0.6% (95% CI, 0.4—-1.1%) (Taha et al., 2016).

In 2016, WHO and UNICEF updated their recommendations on infant feeding in the context of
HIV (see textbox on next page). All mothers living with HIV should receive lifelong ART to support
their health and to ensure the well-being of their infants. In countries that have opted to promote and
support breastfeeding with ART, HIV+ mothers who are on ART and adherent to therapy should
practice EBF for 6 months, and then add complementary feeding until 12 months. Breastfeeding
and complementary feeding may continue until 24 months of age or beyond. These revised recom-
mendations were based on scientific evidence or expert consensus and synchronize feeding rec-
ommendations for HIV-negative infants and HIV-exposed infants whose mothers receive and are
adherent to ART (WHO and UNICEEF, 2016).

CURRENT STRATEGIES TO OPERATIONALIZE POLICIES
ON HIV AND INFANT FEEDING AND THEIR EFFECTS

This is indeed a promising time for HIV-infected mothers with new guidelines based on scientific
evidence that encourages women to breastfeed. The challenge now is to implement these guidelines
by providing ART for HIV-infected mothers and supporting exclusive breastfeeding in the first six
months and continued breastfeeding for at least 12 months for the majority of women, with the pos-
sibility of extending breastfeeding for up to 24 months regardless of maternal HIV status, and in the
presence of fully suppressed maternal HIV infection. How can we operationalize these policies and
increase uptake? One of the most important strategies is to ease the pill burden. The move toward a
fixed-dose combination drug that includes all three of the ARV drugs in one tablet to be taken only
once daily has simplified treatment, which will facilitate adherence. Adherence is vital to prevent
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WHO UPDATED INFANT FEEDING AND HIV GUIDELINES: 2016

e All mothers living with HIV should receive lifelong triple antiretroviral therapy
(ART) to support their health and to ensure the well-being of their infants.

e In countries that have opted to promote and support breastfeeding with ART, HIV+
mothers on ART and adherent should practice EBF for 6 months and continue breast-
feeding for at least 12 months, and may continue breastfeeding for up to 24 months
(recommendation 1). As per previous recommendations, complementary feeding
should be added at around 6 months.

* National and local authorities should actively coordinate and implement services in
health facilities and activities in workplaces, communities, and homes to promote sup-
port and protect breastfeeding among women living with HIV (recommendation 2).

* Although exclusive breastfeeding is recommended, practicing mixed feeding is not a
reason to stop breastfeeding in the presence of ARV drugs (guiding practice statement).

Source: WHO and UNICEF (2016)

the development of resistance; thus, strategies that encourage adherence are critical, especially in
the context of PMCTC Option B+. Frequent maternal CD4 cell count testing and especially viral
load monitoring are also vital to ensure that patients are not failing on treatment and also serve as an
early warning system for failing adherence. Wherever possible, point-of-care testing must be encour-
aged. Point-of-care testing of infant HIV status at six weeks is also important for timely initiation of
treatment in HI'V-positive infants. At this time, several diagnostic companies are testing such point-
of-care technologies that should soon be readily available and cost effective. To sustain adherence,
attention must be given to finding alternative places to collect drugs to prevent the need for women to
travel long distances to clinics to access their drugs. Many countries are considering alternatives such
as local pharmacies, post offices, and small local stores, which offer easier access for communities.
However, such a decentralized collection system will require very strict controls, and this is where
electronic databases using personal identification systems will be vital to prevent abuse of the system.

How do we increase uptake of the policy of exclusive breastfeeding in the first six months?
Obvious strategies include the following:

* Ensure that all health facilities are accredited for the Baby-Friendly Hospital Initiative
(UNICEF, 2007).

* Ensure that all healthcare workers in the PMTCT programs and HIV care and treatment
programs are trained in breastfeeding counseling and its promotion.

* Include communities in supporting mothers; there is a need to engage communities to find
out constraints and ways to support mothers (Sibeko et al., 2009).

e Increase access to donor milk among mothers with difficult deliveries or who are unable
to breastfeed in the first few vulnerable days postdelivery until the mothers are able to
supply breast milk or until other alternatives are available. Donor human milk banks are
common in Brazil, Europe, Canada, and the United States, but there is a desperate need for
such facilities to be scaled up to resource-limited settings that have high HIV prevalence
among pregnant women. South Africa is one such country that has begun making impor-
tant moves to scale up human milk banks in neonatal intensive care units (Coutsoudis et
al., 2011a,b). The Bill and Melinda Gates Foundation, recognizing the importance of this
strategy for improving breastfeeding and thus child survival, recently funded the Program
for Appropriate Technology in Health (PATH) to convene an international Milk Bank
Technical Advisory Group meeting to develop a framework for countries to set up human
milk banks (PATH, 2013).
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Another way for countries to operationalize policies for HIV-infected women and their children is
obviously to simplify as much as possible. A single tablet per day is a huge step, and if we could also
eliminate programs that are not essential in order to ease the burden on the child and caregiver this
would be another important step. One such HIV-related policy that is currently receiving attention
is whether the policy of providing cotrimoxazole (CTX) prophylaxis to breastfeeding HIV-exposed
but uninfected infants should continue (WHO et al., 2004). Current WHO guidelines currently rec-
ommend daily CTX prophylaxis for HIV-exposed uninfected infants for as long as the infant is
being breastfed. These guidelines are based on evidence of the effectiveness of CTX prophylaxis
in protecting HIV-infected infants; therefore, the guidelines were extended to include HIV-exposed
infants during breastfeeding, in case they became infected. In this new era, because early infant HIV
diagnosis is significantly more accessible, HI V-infected infants can be identified early on and placed
on lifelong antiretroviral treatment and CTX prophylaxis. Furthermore, PMTCT regimens are now
vastly more effective and accessible, such that only 1 to 2% of infants may become infected through
breastfeeding. Given the dangers of antibiotic resistance and the impact of antibiotics on the gut, there
have been calls to reconsider these guidelines (Coutsoudis et al., 2010), and a current study in South
Africa is conducting an RCT testing the current validity of these guidelines (Coutsoudis et al., 2016).
The study is registered with the Pan African Clinical Trials Registry (PACTR201311000621110).

Finally, an important piece that can play a big role in preventing transmission during breastfeed-
ing is primary prevention, long recognized by WHO as one of the pillars of PMTCT. It is vital that a
concerted effort be made to assist women who test negative during pregnancy to remain uninfected;
they should be given intensive counseling and support and linked with appropriate community
groups. It is also important for HIV-uninfected women to have frequently repeated testing during
pregnancy and breastfeeding, given the high risk of HIV transmission for new infections.

What about the minority of women who find themselves in settings where they feel they can pro-
vide formula feeding to their infants safely and feel prepared to provide optimal follow-up infant care
to prevent and treat common childhood infections, in exchange for a 100% guarantee that they will not
infect postnatally their infants through breastfeeding? The door is open and the choice is still there,
provided mothers understand their choices and are given sufficient guidance to ameliorate the risks.

SUMMARY AND CONCLUSIONS

The field of infant feeding and HIV has changed considerably since the 1990s, with the pendulum
now swinging in favor of breastfeeding with ART for HIV-infected mothers, as breastfeeding is a
critical child survival strategy. Although avoiding breastfeeding eliminates all postnatal transmis-
sion, it has been associated with adverse infant outcomes and poor survival in settings where avoiding
breastfeeding cannot be sustained or practiced safely. Infant feeding and HIV must be viewed within
the broader context of child survival and not just in terms of the prevention or elimination of vertical
HIV transmission. In resource-limited settings, there is sufficient evidence to justify exclusive breast-
feeding for six months among all HIV-exposed infants and continued breastfeeding thereafter for
at least 12 months, with the possibility of extending breastfeeding to 24 months, under ART cover.
New data show that antiretroviral cover during breastfeeding reduces the risk of postnatal MTCT
in research settings, and early findings suggest that these successes remain at the population level.
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INTRODUCTION

In 2015, approximately 1.8 million children (<15 years; 1.5-2.0 million) were living with HIV, and
150,000 children (110,000—-190,000) were newly infected with HIV (UNAIDS, 2016). An estimated
90% of HIV-infected children contract the disease perinatally during pregnancy (in utero), delivery
(intrapartum), or postpartum periods. Effective preventive interventions—including HIV screen-
ing, essential antiretroviral therapy (ART), safe delivery and caesarean section, and optimal infant
feeding practices—can reduce the risk of mother-to-child transmission of HIV to less than 2%. The
number of new HIV infections per year among children has decreased by nearly 50% since 2010
due to increased availability of and access to essential ART (UNAIDS, 2016); however, the burden
of HIV/AIDS among children remains unacceptably high, disproportionately affecting children in
resource-limited settings. Over 90% of new HIV infections and AIDS-related deaths in children
occur in sub-Saharan Africa.

Micronutrient deficiencies are common in HIV-infected children and have been associated
with an increased risk of adverse health outcomes. The vicious cycle of malnutrition and infec-
tion is exacerbated in children, who are particularly susceptible to nutrient deficiencies, stunting,
and impaired immunity (Ivers et al., 2009). Additionally, as advances in and expansion of prophy-
laxis for HIV-infected mothers reduce mother-to-child transmission, a growing population of HIV-
exposed, uninfected children presents a unique immunological profile and nutritional needs (Evans
etal., 2016). Emerging evidence suggests that children who are exposed to HIV in utero, even if not
HIV-infected, are at higher risk for malnutrition, morbidity, and mortality compared to unexposed,
uninfected children (Afran et al., 2014; Evans et al., 2016).

Micronutrient supplementation has been shown to reduce the risk of co-infections and improve
nutritional status, growth, and development in HIV-infected children (Irlam et al., 2013); however,
there is limited evidence regarding the safety and efficacy of micronutrient supplementation in the
context of antiretroviral therapy or among HIV-exposed, uninfected children. Therefore, a com-
prehensive review of the literature is needed to examine the existing evidence and inform future
research priorities along with clinical care and public health approaches for both HIV-infected and
HIV-exposed children.

OBJECTIVES

The objective of this review is to examine the evidence that links micronutrients and HIV in pedi-
atric populations with an emphasis on randomized clinical trials (RCTs). We examine the efficacy
and safety of micronutrient supplementation on health outcomes in HIV-infected and HIV-exposed
children, including HIV infection, disease progression, all-cause and AIDS-related mortality,
micronutrient status, growth, morbidity, and development. We then discuss research gaps, the role
of micronutrient supplementation as an adjunct to essential ART, and the implications of findings
for clinical care and public health practice for HIV-infected and HIV-exposed, uninfected children
with an emphasis on resource-limited settings.

METHODS

SEARCH STRATEGY AND SELECTION PROCESS

A structured literature search was conducted using MEDLINE® electronic databases. Relevant
Medical Subject Heading (MeSH®) terms were used to identify published studies through October
4, 2015. The MeSH terms used and the search selection strategy are summarized in Figure 8.1.
Initial inclusion criteria for this review were the availability of an abstract and inclusion of data on
micronutrient supplementation, children, and HIV/AIDS.
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1277 Articles 1175 articles excluded

357 reviews

11 guidelines
2 book/book excerpts

4 lecture/conference notes
22 newspaper/informational articles

9 reports
1 questionnaire
32 editorial commentary/letters

4 case reports
9 animal/non-human

170 laboratory studies
369 missing data on micronutrient supplement

153 missing data on HIV
24 non-pediatric population

case-control
cohort
cross-sectional

102 Articles

w w N

77 articles excluded

reviews

evaluations

news article

editorial commentary/letter
laboratory study

44 missing data on micronutrient supplement
missing data on HIV
non-pediatric population
case-control

cohort

cross-sectional

o= N

—_
BN = ol N

25 Studies
(13 randomized trials)

FIGURE 8.1 Study selection. Search terms: ((child[mh] OR infant[mh] OR adolescence[mh] OR pediatric
OR paediatric OR child* OR newborn* OR adolescen* OR infan* OR preschool*[tw] OR teen*[tw] OR
kindergarten®[tw] OR elementary school*[tw] OR nursery school*[tw] OR youth*[tw] OR baby* OR babies*
OR schoolchild *[tw] OR toddler *[tw])) AND ((((((micronutrients OR micronutrient OR trace element OR
trace elements OR vitamins OR vitamin OR carotenoids OR carotenoid OR carotenes OR carotene) OR
(“24,25-dihydroxyvitamin D 3 OR “25-hydroxyvitamin D 2”” OR “4- aminobenzoic acid” OR acetylcarni-
tine OR alpha-tocopherol OR aminobenzoic acids OR ascorbic acid OR beta carotene OR beta-tocopherol
OR biotin OR boron OR cadmium OR calcifediol OR calcitriol OR carnitine OR cholecalciferol OR chro-
mium OR cobalt OR cobamides OR cod liver oil OR calcium OR copper OR dehydroascorbic acid OR dihy-
drotachysterol OR dihydroxycholecalciferols OR ergocalciferols OR flavin OR folate OR mononucleotide
OR folic acid OR formyltetrahydrofolates OR fursultiamin OR gamma-tocopherol OR hydroxocobalamin
OR hydroxycholecalciferols OR inositol OR iodine OR iron OR leucovorin OR manganese OR magnesium
OR molybdenum OR niacin OR niacinamide OR nickel OR nicorandil OR nicotinic acids OR palmitoyl-
carnitine OR pantothenic acid OR pteroylpolyglutamic acids OR pyridoxal OR pyridoxal phosphate OR
pyridoxamine OR pyridoxine OR riboflavin OR selenium OR silicon OR tetrahydrofolates OR thiamine OR
thiamine monophosphate OR thiamine pyrophosphate OR thiamine triphosphate OR thioctic acid OR tin
OR tocopherols OR tocotrienols OR ubiquinone OR vanadium OR zinc)))) AND ((HIV Infections[MeSH]
OR HIV[MeSH] OR hiv[tw] OR hiv-1*[tw] OR hiv-2*[tw] OR hivl[tw] OR hiv2[tw] OR hiv infect*[tw] OR
human immunodeficiency virus[tw] OR human immunedeficiency virus[tw] OR human immuno-deficiency
virus[tw] OR human immune deficiency virus[tw] OR ((human immun*) AND (deficiency virus[tw])) OR
acquired immunodeficiency syndrome[tw] OR acquired immunedeficiency syndrome[tw] OR acquired
immunodeficiency syndrome[tw] OR acquired immune-deficiency syndrome[tw] OR ((acquired immun*)
AND (deficiency syndrome[tw])) OR “sexually transmitted diseases, viral’[MESH:noexp]))))) NOT
(animals[mh] NOT humans[mbh]).
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Micronutrient Supplementation

The following micronutrients were included in this review: vitamin A (retinol and carotenoids);
vitamin C; vitamin B-complex, including vitamin B, (thiamine), vitamin B, (riboflavin), vitamin
B; (niacin), vitamin By (pantothenic acid), vitamin B¢ (pyridoxine), vitamin B, (biotin), vitamin
B, (folic acid), and vitamin B,, (cobalamin); vitamin E; vitamin D; vitamin K; and the miner-
als boron, cadmium, calcium, chromium, cobalt, copper, iodine, iron, magnesium, manganese,
molybdenum, nickel, selenium, silicon, vanadium, and zinc.

HIV-Related Outcomes

Outcomes included HIV infection; co-infections and clinical symptoms (i.e., measles, respiratory
infections, diarrhea, malaria); anthropometry and growth (i.e., weight, length, head circumfer-
ence, mid-upper arm circumference), including weight for age (WAZ), weight for length (WLZ),
and length for age (LAZ) WHO z-scores (underweight, WAZ < -2; wasting, WLZ < -2; stunting,
LAZ < -2); cognitive and psychomotor development; and anemia and micronutrient status.

Inclusion Criteria

Available abstracts of all studies were searched, full-text articles were extracted and reviewed,
and the following inclusion criteria were applied: (1) human studies, (2) randomized trial study
design, (3) micronutrient supplementation administered to children, (4) HIV-infected or HIV-
exposed children from birth to 5 years of age, and (5) availability of data on the effects of pediatric
micronutrient supplementation on HIV-related outcomes. All randomized trials and interven-
tions, and quasi-randomized and uncontrolled trials meeting participant and methodological cri-
teria were included. Sources were retrieved, collected, indexed, and assessed for micronutrient
supplementation and HIV-related data. Bibliographies of published studies and manual searches
of related articles in references were used to identify additional sources. An additional search
was conducted to identify review articles, which were examined to cross-reference other relevant
studies. A standardized table was used to extract and organize key information from the experi-
mental studies that met the criteria noted here. Extracted data included publication date, authors,
study design, setting, target population, micronutrient supplement type and composition, defini-
tions of outcomes, main findings, and limitations.

LITERATURE REVIEW

The structured literature search yielded 1277 articles. Of these, 1175 studies were excluded based
on abstracts: n = 357 reviews, n = 11 guidelines, n = 2 book chapters or excerpts, n = 4 conference
proceedings, n = 22 newspaper or informational articles, n = 9 reports, n = 4 case reports, n = 1
questionnaire, n = 32 editorial commentary or letters, n = 9 non-human or animal studies, n =
170 in vitrolin vivo laboratory studies, n = 369 missing data on micronutrient supplementation, n
= 153 missing data on HIV, n = 24 non-pediatric population, n = 8 not randomized trials (2 case-
control, 3 cohort, and 3 cross-sectional). A total of 102 full-text articles were then extracted for
further review; of these, 77 articles did not meet inclusion criteria: n = 4 reviews, n = 2 evalua-
tions, n = 1 newspaper article, n = 1 commentary or letter, n = 1 laboratory study, n = 44 missing
data on micronutrient supplementation, n = 2 missing data on HIV, n = 15 non-pediatric popula-
tion, and n = 7 not randomized trials (1 case-control, 2 cohort, and 4 cross-sectional studies).
Thus, a total of 25 papers from 13 randomized trials were included in this review. The structured
literature search is summarized in Figure 8.1. Detailed findings from randomized trials are pre-
sented in Tables 8.1 to 8.4.
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VITAMIN A

The World Health Organization (WHO) recommends high-dose vitamin A supplementation for
children 6 to 59 months of age in settings where vitamin A deficiency is a public health problem,
based on its demonstrated benefits on the risk of illness and death of infectious diseases, including
measles and diarrhea (WHO, 2011). Vitamin A supplementation in both HIV-infected and HIV-
uninfected children has been associated with reduced risk of lower respiratory tract infection and
severe watery diarrhea, with similar protective effects against infectious disease morbidity and
mortality. All-cause mortality and AIDS-related deaths have also been demonstrated to be lower in
HIV-infected children supplemented with vitamin A. The effects of vitamin A supplementation on
health outcomes in HIV-infected individuals have been previously reviewed in detail (Mehta and
Fawzi, 2007) and are discussed in Chapter 1 of this volume.

Mortality

In a study of children hospitalized with pneumonia in Tanzania (687 total patients, 6 months to 5
years of age; 37 HIV-infected), children were randomized to receive either a vitamin A supplement
(60 mg retinol or 30 mg retinol if < 1 year old) or placebo at baseline, two days after enrollment, at
four months, and at eight months after discharge (Fawzi et al., 1999). Among all children, vitamin
A supplementation was associated with a 49% reduction in all-cause mortality (risk ratio [RR]: 0.51;
95% (1, 0.29-0.90; p = 0.02) and an even larger reduction in diarrhea-related mortality (RR, 0.07;
95% CI, 0.01-0.49; p = 0.001) during an average of 24.4 months of follow-up (standard deviation
[SD] = 12.1 months; median = 27.8 months). In HIV-infected children, vitamin A supplementation
was associated with a 63% reduction in all-cause mortality (RR, 0.37; 95% CI, 0.14-0.95; p = 0.04)
and a 68% reduction in AIDS-related mortality (RR, 0.32; 95% CI, 0.10— 0.99; p < 0.05).

A trial of vitamin A supplementation was conducted among HIV-infected children in Uganda
(n = 201) who were supplemented from 15 to 36 months of age (Semba et al., 2005). Children were
randomized to receive either a vitamin A supplement (60 mg retinol) or placebo every three months.
Children who received vitamin A supplementation experienced a decrease in overall mortality over
a 21-month follow-up period (RR, 0.54; 95% CI, 0.30-0.98; p = 0.044). Another randomized, pla-
cebo-controlled trial with vitamin A supplementation was conducted among HIV-infected mothers
and their children (n = 14,110 mother—infant pairs) (Humphrey et al., 2006). The mother—infant
pairs were randomized to one of four groups and supplemented with a single large dose shortly after
birth as follows: (1) vitamin A supplementation for both mother (400,000 IU) and infant (50,000
IU) (MI); (2) supplementation for infant only (I); (3) supplementation for mother only (M); or (4)
placebo for both mother and infant (P). In analyses among children who were HIV-infected in the
first six weeks of life (i.e., whose HIV status changed from HIV-uninfected at baseline or at birth to
HIV-infected by six weeks of age), as determined by polymerase chain reaction (PCR), vitamin A
supplementation was associated with a 28% reduction in the risk of mortality in the first 24 months
of life compared to placebo (hazard ratio [HR], 0.72; 95% CI, 0.57-0.92; p = 0.01) (Humphrey et
al., 2006). However, HIV-exposed infants who were not HI V-infected by six weeks of age demon-
strated a twofold increase in mortality by 24 months, although this was not statistically significant
(Table 8.4) (HR, 1.41; 95% CI, 0.97-2.05; p = 0.07).

Morbidity

A randomized trial was conducted in South Africa to investigate the effects of vitamin A supple-
mentation in HIV-exposed, full-term infants (n = 118) (Coutsoudis et al., 1995). The infants were
randomly assigned to receive either vitamin A or placebo every three months (50,000 IU at one and
three months, 100,000 IU at three and five months, and 200,000 IU at 12 and 15 months). HIV-
infected children supplemented with vitamin A had lower odds of diarrhea (odds ratio [OR], 0.51;
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95% CI, 0.27-0.99; p < 0.05) compared to placebo. Vitamin A supplementation also decreased the
odds of a combined endpoint of morbidity (i.e., diarrhea, respiratory infections, thrush, and rash)
compared to placebo (OR, 0.69; 95% CI, 0.48—0.99; p < 0.05).

In the previously described trial in Tanzania, although vitamin A-supplemented children with
pneumonia had reduced odds of severe watery diarrhea (watery stools for 214 days) (OR, 0.56; 95%
CI, 0.32-0.99; p = 0.04) compared to placebo in overall analyses, supplementation was associated
with higher odds of a combined endpoint of cough and rapid respiratory rate (OR, 1.67; 95% CI,
1.17-2.36; p = 0.004) (Fawzi et al., 2000). In analyses among HIV-infected children with pneumo-
nia, there were no significant differences in the incidences of diarrhea (RR, 1.55; 95% CI, 0.75-3.17,
p = 0.23) and respiratory symptoms (i.e., cough and rapid respiratory rate) (RR, 0.54; 95% CI,
0.24-1.20; p = 0.13) between the treatment and placebo groups. However, in analyses among HIV-
uninfected children (HIV-exposed children were not explicitly identified within this group), vitamin
A was associated with an increased risk of cough and rapid respiratory rate (RR, 1.47; 95% CI,
1.16-1.86; p = 0.001) compared to placebo.

In the aforementioned Ugandan trial in HIV-infected children, vitamin A supplementation was
associated with lower odds of cough (OR, 0.47; 95% CI, 0.23-0.96; p = 0.038) and significantly
shorter duration of ear infections (p = 0.03) compared to placebo (Semba et al., 2005). The previ-
ously mentioned trial in Zimbabwe, which supplemented HIV-infected mothers and/or their HIV-
exposed and HIV-infected children with vitamin A, found that there was no significant difference in
the risk of anemia (defined as hemoglobin [Hb] levels < 10.5 g/dL) (p > 0.05) compared to placebo,
regardless of child HIV status (Miller et al., 2006).

Growth and Development

In the previously described Tanzanian trial, vitamin A supplementation of HIV-infected children
with pneumonia did not have a significant effect on the risk of stunting (LAZ < -2; HR, 0.60; 95%
CI, 0.21-1.67; p > 0.05) or wasting (WAZ < -2; HR, 0.31; 95% CI, 0.06-1.52; p > 0.05) (Villamor
et al., 2002). In analyses among HIV-infected infants ages 6 to 18 months, vitamin A supplementa-
tion was associated with a significant increase in length (mean difference [MD], 2.8 cm; 95% CI,
1.0-4.6; p = 0.003) compared to placebo.

Vitamins B-CompLex, C, anD E

B-vitamin deficiencies are common in HIV-infected individuals and have been associated with
increased HIV infection progression and adverse health outcomes in observational studies (Friis,
2001). Vitamin B,, and folate are required for de novo nucleotide biosynthesis, DNA methyla-
tion, and cellular division and proliferation, including immune cells (Finkelstein et al., 2015).
Randomized trials of B-complex vitamins at single and multiple RDA levels have reduced HIV
infection progression and increased CD4, CD3, and CDS8 T-cells in HIV-infected individuals (Friis,
2001). Other chapters in this volume review in detail the evidence regarding the efficacy and safety
of B vitamins (see Chapter 2) and antioxidants (see Chapter 5) for HI V-infected individuals.

Morbidity

HIV-exposed infants (n = 2387) in Tanzania were randomized to receive either a daily dose of mul-
tiple micronutrients comprised of vitamins B,, B,, B;, B¢, B,, folic acid, C, and E at 133 to 800%
RDA level (1 capsule daily from 6 weeks to <6 months of age; 2 capsules at 26 months of age) or a
placebo from 6 weeks to 2 years of age (Liu et al., 2013). There was no effect of multivitamins on
the odds of mother-to-child transmission of HIV during breastfeeding (OR, 1.23; 95% CI, 0.77-1.95;
p =0.39) at the end of 24 months of follow-up compared to placebo. Multivitamin supplementation
significantly increased Hb concentrations in children at 12 months (9.77 vs. 9.64 g/dL; p = 0.03), 18
months (9.76 vs. 9.57 g/dL; p = 0.004), and 24 months (9.93 vs. 9.75 g/dL; p = 0.02) compared to pla-
cebo. Multivitamin supplementation was also associated with a 12% lower risk of anemia (defined
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as Hb < 11.0 g/dL) (HR, 0.88; 95% CI, 0.79-0.99; p = 0.03) and a 28% lower risk of severe anemia
(defined as Hb < 8.5 g/dL) (HR, 0.72; 95% CI, 0.56—-0.92; p = 0.008), compared to placebo, among
children born to mothers without anemia. Supplementation also led to a lower risk of fever (RR,
0.92;95% CI, 0.85-0.99; p = 0.02) and vomiting (RR, 0.78; 95% CI, 0.65-0.93; p = 0.007) compared
to placebo (Duggan et al., 2012). In subgroup analyses among children whose mothers were on ART
(n = 429), multivitamin supplementation was associated with a lower risk of hospitalizations (RR,
0.48; 95% CI, 0.24-0.95; p = 0.035), fever (RR, 0.7; 95% CI, 0.67-0.93; p = 0.005), and a combined
endpoint of cough and fever (RR, 0.79; 95% CI, 0.65-0.96; p = 0.019) compared to placebo.

Growth and Development

In the previously mentioned Tanzanian study among HIV-exposed children, multivitamin supple-
mentation had no overall effects on the incidence of stunting (HR, 0.92; 95% CI, 0.79-1.08; p =
0.30), wasting (HR, 0.92; 95% CI, 0.79-1.07; p = 0.29), or being underweight (HR, 0.95; 95% ClI,
0.81-1.10; p = 0.48) compared to placebo (Kupka et al., 2013). The Bayley Scales of Infant and
Toddler Development, Third Edition, was administered to a subset of 206 HIV-exposed children
who participated in the Tanzanian trial at 15 months of age. Between treatment groups, there were
no significant differences in the odds of scoring below the 25th percentile in the following com-
ponents: cognitive development (OR, 0.57; 95% CI, 0.29-1.14; p = 0.11), expressive language (OR,
1.10; 95% CI, 0.55-2.21; p = 0.78), receptive language (OR, 0.84; 95% CI, 0.37-1.91; p = 0.67),
fine motor skills (OR, 0.49; 95% CI, 0.17- 1.38; p = 0.18), or gross motor skills (OR, 1.10; 95% CI,
0.55-2.21; p = 0.78) (Maniji et al., 2014).

ZINC

Mortality

In a Ugandan trial, both HIV-infected (highly active ART [HAART]-naive) and HIV-uninfected
children (ages 6 months to 5 years) who had been diagnosed with severe pneumonia (i.e., cough,
rapid breathing, chest indrawing) were randomly assigned to receive a daily zinc supplement (10
mg zinc if < 12 months; 20 mg zinc if > 12 months) or placebo in addition to standard antibiotics
(Srinivasan et al., 2012). Supplementation was administered for seven days, and the risk of mortality
was assessed during this time period. In analyses among all children (i.e., HI V-infected and HIV-
uninfected), there was a lower risk of case fatality in children who received zinc supplementation
compared to placebo (RR, 0.33; 95% CI, 0.15-0.76; p < 0.05). However, in analyses within HIV
strata, zinc supplementation was not associated with significantly lower risk of case fatality among
HIV-infected children not on HAART (p > 0.05) or in HIV-uninfected children (p > 0.05) com-
pared to placebo.

Morbidity

In the aforementioned Ugandan trial of daily zinc supplementation for HIV-infected and HIV-
uninfected children, there were no significant differences in hazards of fever (HR, 1.02; 95% CI,
0.79-1.30; p = 0.897), normalization of low oxygen saturation (defined as <92%) (HR, 1.04; 95%
CI, 0.74-1.46; p = 0.823), or low breathing rate (HR, 0.88; 95% CI, 0.69-1.13; p = 0.306) between
the two treatment groups (Srinivasan et al., 2012). In a randomized trial in South Africa, ART-
naive HIV-infected children were supplemented with either zinc (10 mg zinc sulfate) or a placebo
daily for six months (Bobat et al., 2005). There were no differences in Hb concentrations, HIV-1
RNA viral load, or CD4 T-cell counts (p > 0.05) between the treatment groups after nine months of
supplementation. There was a significantly lower rate of watery diarrhea among children receiving
zinc supplements vs. placebo (7.4 vs. 14.5% watery diarrhea diagnosis during follow-up; p = 0.001).
However, there were no significant differences in the number of visits for illness between treatment
groups (0.11 vs. 0.16 visits/month; p = 0.05).
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Another trial was conducted in India among HIV-infected children on ART: two nucleoside
reverse transcriptase inhibitors (NRTIs) + nevirapine for children < 3 years; two NRTIs + efavirenz
for children > 3 years. HIV-infected children (n = 52) were randomized to a zinc (20 mg) or placebo
supplement daily for 24 weeks (Lodha et al., 2014). Zinc supplementation exhibited no significant
effects on serum zinc levels (median [IQR]: 59.97 [45.2-69.69] vs. 52.98 [44.46—-61.81] pg/dL; p =
0.25) or log reduction in HIV-1 RNA viral load (3.2 [2.2-4.2] vs. 2.89 [1.6-3.85] log copies/mL; p =
0.43) compared to placebo at the end of follow-up (i.e., after 24 weeks). However, zinc supplementa-
tion did result in an increase in absolute CD4 T-cell counts (416 [263-560] vs. 250 [102-314] cells/
mm?; p = 0.0035) compared to the placebo group at 24 weeks of follow-up. There was no significant
difference in percentage increase in CD4+ T-cell counts between treatment groups at 24 weeks (p
= 0.30). In terms of diarrheal episodes, there were no significant differences between treatment
groups after 24 weeks (p = 0.17).

MuLTIPLE MICRONUTRIENTS

Mortality

A recent randomized trial in Uganda enrolled 847 HIV-infected children under 5 (1-5 years) strati-
fied by ART (10% ART vs. 90% no ART). Children were randomly assigned to receive either twice
the recommended dietary allowance (RDA) of multiple micronutrients (vitamins A, B,, B,, B;, B,
B,,, folic acid, C, D, and E; selenium; zinc; copper; and iodine) or the single RDA level (vitamins
A, By, B,, B;, C, and D) (Ndeezi et al., 2010). There was no significant difference between treatment
groups in the risk of mortality after 12 months of follow-up (RR, 0.90; 95% CI, 0.50-1.50; p > 0.05).
There were also no significant differences in average weight-for-length (WLZ) or weight-for-height
(WHZ) z-scores (0.70 + 1.43; 95% CI, 0.52—0.88 vs. 0.59 + 1.15; 95% CI, 0.45-0.75; p > 0.05) or
average CD4+ T-cell counts (1024 + 592; 95% CI, 942-1107 vs. 1060 + 553; 95% CI, 985-1136
cells/uL; p > 0.05) over 12 months between the multiple-RDA group and the single-RDA group. In
analyses among children receiving ART, there were no significant effects of the higher dose regi-
men on mortality (RR, 1.00; 95% CI, 0.60-1.60; p > 0.05). In analyses of predictors of mortality in
HIV-infected children, the following baseline characteristics were associated with increased risk in
mortality: fever (adjusted hazard ratio [AHR], 2.10; 95% CI, 1.10-3.90; p = 0.02), recurrent hospi-
talization (AHR, 2.60; 95% CI, 1.20-5.70; p = 0.02), WAZ < -2 (AHR, 2.60; 95% CI, 1.20—- 5.80; p
=0.02), and WHO HIV disease stage 3 or 4 (AHR, 2.90; 95% CI, 1.50-5.60; p < 0.01) at baseline.
Treatment with cotrimoxazole was associated with lower mortality (AHR, 0.40; 95% CI, 0.20—0.90;
p =0.03) in both treatment arms as well.

In a randomized trial in South Africa, ART-naive, HIV-infected children (n = 201) were ran-
domly assigned to receive a multiple micronutrient (vitamins B,, B,, B;, B¢, B,,, folic acid, C, D, and
E; copper; iron; selenium; and zinc) or placebo as a daily supplement for six months (Mda et al.,
2013). There was no significant difference in the number of deaths that occurred in the micronutri-
ent supplementation and placebo groups (n =27 vs. 16; p = 0.12).

Morbidity

In a South African trial, 373 children (ages 6 to 24 months) with mixed HIV status (Group 1, 32
HIV-infected children; Group 2, 154 HIV-exposed children [HIV-uninfected children born to
HIV-infected mothers]; Group 3, 187 HIV-uninfected children [born to HIV-uninfected moth-
ers]) were randomly assigned daily supplements of (1) vitamin A (1250 IU), (2) vitamin A and
zinc (10 mg), or (3) vitamin A, zinc, and other micronutrients (vitamins B,, B,, B;, B, B,,, folic
acid, C, D, E, and K; copper; iodine; iron) (Luabeya et al., 2007). There were no significant dif-
ferences between multivitamin treatments in the incidence of diarrhea and no differences in
findings by HIV status (p > 0.05) (Chhagan et al., 2009). In analyses among HIV-infected chil-
dren, vitamin A plus zinc supplementation (0.27; 95% CI, 0.10-0.71) and multiple micronutrient
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supplementation (0.39; 95% CI, 0.19-0.78) were associated with higher incidence of persistent
diarrhea compared to vitamin A supplementation alone (0.05; 95% CI, n/a; p = 0.02). In analyses
among HIV-infected children, vitamin A plus zinc supplementation (0.27; 95% CI, 0.11-0.66)
and multiple micronutrient supplementation (0.39; 95% CI, 0.21-0.74) were associated with
higher incidences of severe diarrhea compared to vitamin A supplementation alone (0.05; 95%
CI, n/a; p = 0.01). In a subgroup of children who were stunted and HIV-uninfected, there were
lower incidences of diarrhea in the vitamin A and zinc group (2.04 episodes/year; RR, 0.52; 95%
CI, 0.45-0.60; p < 0.05) and multiple micronutrient group (2.23 episodes/year; RR, 0.57; 95% CI,
0.49-0.67; p < 0.05) compared to vitamin A alone (3.92 episodes/year; p = 0.024 comparing con-
trol vs. zinc and multiple micronutrient groups’ incidences combined). No significant differences
between treatment arms were found with respect to the percent of days with diarrhea, upper respi-
ratory infection (URI) symptoms, or pneumonia among HIV-infected children (p > 0.05), HIV-
exposed children (p > 0.05), and HIV-uninfected children (p > 0.05) (Luabeya et al., 2007). At
the end of 12 months of follow-up in the overall sample (combining HIV-infected, HIV-exposed,
and HIV-uninfected children), the prevalence of anemia was significantly reduced by 24% with
multiple micronutrient supplementation (p = 0.001) and 18% with vitamin A supplementation (p
= 0.02) but was not significantly reduced with vitamin A and zinc supplementation (11%; p = 0.13)
(Chhagan et al., 2010). In analyses among HIV-exposed and HIV-uninfected children, multiple
micronutrient supplementation (p = 0.002) and vitamin A supplementation alone (p = 0.03) were
associated with a significantly reduced prevalence of anemia at the end of 12 months of follow-up
compared to baseline.

In a Ugandan study supplementing HIV-infected children (10% on HAART; 90% not on
HAART) with either twice the RDA of multiple micronutrients (vitamins A, B,, B,, B3, B¢, By,,
folic acid, C, D, and E; selenium; zinc; copper; and iodine) or single-RDA multivitamins (vitamins
A, By, B,, B;, C, and D), serum vitamin B,, (p < 0.001) and folate (p < 0.001) concentrations sig-
nificantly increased in the multiple-RDA group compared to the single-RDA group (Ndeezi et al.,
2011). Hemoglobin levels significantly increased in both the multiple-RDA regimen (p = 0.04) and
the single-RDA regimen (p < 0.001) compared to baseline measurements. There were no significant
changes in CD4 T-cell counts in either group (p > 0.05) compared to baseline. There were no signifi-
cant effects of regimen on the incidence of diarrhea (p > 0.05); however, children in both treatment
groups who were on HAART had lower incidences of diarrhea when compared to HAART-naive
children (OR, 0.60; 95% CI, 0.30— 0.90; p = 0.03) (Ndeezi et al., 2012).

In the South African trial described previously among HIV-infected children, the multiple micro-
nutrient group had significantly lower hospitalization duration, independent of hospital admission
diagnosis (diarrhea or pneumonia) (mean + SD: 7.3 + 3.9 vs. 9.0 + 4.9 days; p < 0.05) compared to
the placebo (Mda et al., 2010a). When individually analyzed, duration of pneumonia was reduced
by 1.9 days (20% reduction), and diarrheal episodes were reduced by 1.6 days (19% reduction),
although these reductions were not significant (p > 0.05). The number of respiratory infections per
month was lower in the group receiving micronutrients vs. the placebo: 0.66 episodes/month (95%
CI, 0.52-0.80) vs. 1.01 episodes/month (95% CI, 0.83-1.19) (p < 0.05), but there were no differences
in the occurrence of diarrhea between groups (p = 0.09) (Mda et al., 2013). There were no signifi-
cant differences in changes in CD4 T-cell counts between treatment groups at three or six months
of follow-up (p > 0.05).

In arandomized trial in India, 127 HIV-infected children less than 15 years of age were random-
ized to receive daily supplements of (1) multiple micronutrients (vitamins A, B,, B,, Bs, B¢, By,, D,
and E; copper; selenium; iodine; and zinc) for six months; (2) probiotics for three months; or (3) pla-
cebo supplements for six months (Gautam et al., 2014). The ART-naive children (<15) supplemented
with micronutrients showed significant improvement in HIV disease progression from WHO HIV
stage 2 to 1 (p = 0.01) and from “mild” to “not significant” WHO classifications (p = 0.02) during
follow-up compared to the placebo group.
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Growth and Development

In the South African trial among 373 children with mixed HIV status (Group 1, 32 HIV-infected
children; Group 2, 154 HIV-exposed children; Group 3, 187 HIV-uninfected children born to
HIV-uninfected mothers), in analyses among stunted (LAZ < —2) children, multiple micronutrient
supplementation was associated with significant increases in LAZ compared to supplementation
with vitamin A alone or vitamin A plus zinc (p = 0.029) (Chhagan et al., 2010). In another trial in
South Africa among HIV-infected children, multiple micronutrient supplementation led to a larger
increase in the amount of food eaten over six months (mean = SD: 108 + 112 vs. 57 + 130 g) and in
eating rate (4.7 £ 14.7 vs. —1.4 £ 15.1 g/min) compared to the placebo (Mda et al., 2010b). Children
receiving micronutrient supplements also had a significant increase in weight-for-height z-scores
compared to the placebo group: 0.40 (95% CI, 0.09—-0.71) vs. —0.04 (95% CI, —0.39-0.31) (p < 0.05)
(Mda et al., 2013). Finally, in a trial among HIV-infected children (<15 years of age) in India, there
were significant increases in body mass index (BMI) with micronutrient supplementation (p = 0.04)
after six months of follow-up compared to baseline measurements in children who were not on ART
(Gautam et al., 2014).

IrRON

Morbidity

In Malawi, 209 HIV-infected children with mild anemia (Hb, 7.0-9.9 g/dL) were randomized to
receive either (1) daily iron (3 mg/kg/day) and multivitamins (vitamins A, C, and D), or (2) daily
multivitamins alone for three months (Esan et al., 2013). Children were followed up for a total of
six months: three months during the intervention and an additional three months post-intervention.
Combined iron and multivitamin supplementation were associated with significantly higher CD4
T-cell counts (adjusted mean difference [AMD], 6.00, 59% CI, 1.84-10.16; p = 0.005) and a lower
risk of iron deficiency (adjusted prevalence ratio [APR], 0.28; 95% CI, 0.15-0.49; p < 0.001) after
three months compared to multivitamins alone, after adjusting for baseline Hb concentrations,
HAART use, CD4 T-cell percentages, bed net use, and history of blood transfusions. However,
these differences were no longer significant after six months of follow-up (p > 0.05). Iron and mul-
tivitamin supplementation resulted in increased Hb concentrations (AMD, 0.60; 95% CI, 0.06—1.13;
p = 0.03) and lower prevalence of anemia (APR, 0.59; 95% CI, 0.38—0.92; p = 0.02) but a higher
incidence of malaria (incidence ratio [IR], 1.81; 95% CI, 1.04-3.16; p = 0.04) after six months of
follow-up compared to multivitamins alone. During the post-intervention phase, children who had
received iron and multivitamin supplementation had a lower risk of respiratory infections (IR, 0.28;
95% CI, 0.09-0.91; p = 0.04) compared to multivitamins alone. In subgroup analyses among iron-
deficient children, iron and multivitamin supplementation was associated with a lower risk of HIV
infection progression during the post-intervention period compared to multiple micronutrients alone
(IR, 0.25; 95% CI, 0.08-0.83; p = 0.02).

DISCUSSION

Micronutrient deficiencies are common in HIV-infected children and have been associated with
adverse health outcomes. This chapter reviewed data from 13 randomized clinical trials involving
micronutrient supplementation in HIV-exposed and HIV-infected infants and children in papers
from 25 publications (Tables 8.1 to 8.4). In general, among HIV-infected children, multiple micro-
nutrient supplementation has been shown to decrease co-infection risk and improve child nutritional
status, growth, and development. Our review examines the literature on existing gaps in terms of
the safety and efficacy of specific micronutrients, as well as supplementation in the context of ART
and among HIV-exposed children.
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OVERVIEW OF FINDINGS

Vitamin A

Overall, randomized trials to date on vitamin A supplementation indicate significant decrease in
risk of mortality in HIV-infected children, including infants who were infected with HIV in the
late intrauterine, intrapartum, or early postnatal period (Fawzi et al., 1999; Semba et al., 2005;
Humphrey et al., 2006). Studies have suggested that the effect of vitamin supplementation may
vary with timing of HIV infection. In one study, although vitamin A supplementation reduced
two-year mortality in HIV-infected infants, supplementation in HIV-exposed, uninfected infants
actually doubled the risk of mortality (Humphrey et al., 2006). In vitro studies indicate that human
monocytes, pretreated with retinoic acid prior to infection with HIV, produced increased amounts
of virus (Kitano et al., 1990; Poli et al., 1992; Turpin et al., 1992; Humphrey et al., 2006). A more
recent study examining the effects of in vivo vitamin A supplementation of pregnant and lactat-
ing HIV-infected women found no increase in mortality of infants and children from six weeks
to five years, but a doubling of the two- to five-year mortality among the HIV-infected children
of the supplemented mothers (p = 0.04 unadjusted; p = 0.06 when adjusted for baseline maternal
characteristics) (Khavari et al., 2014). The variation in effects of timing of both HIV infection and
vitamin A administration on health outcomes highlight a need for future trials to evaluate safety
and efficacy of supplementation for HIV-exposed and HIV-infected children.

Zinc

Studies on zinc supplementation offer conflicting results. Although in some trials zinc supple-
mentation reduced case fatality among HIV-infected children (Srinivasan et al., 2012) and risk of
diarrhea in ART-naive children (Bobat et al., 2005), other studies indicate no significant effect on
diarrheal episodes in HIV-infected children on ART (Lodha et al., 2014). Further investigation is
needed to determine the effect of zinc supplementation on morbidity among HIV-exposed chil-
dren, especially in the context of ART. Future studies should also evaluate the effect of zinc sup-
plementation on anthropometric outcomes, as zinc supplementation has been known to improve
growth and development and reduce the risk of stunting in children less than 5 years of age (Imdad
and Bhutta, 2011).

Iron

Trials to date indicate that iron supplementation with micronutrients in HIV-infected children may
improve HIV infection outcomes and lower risk of anemia, but they also indicate an increased risk
of malaria (Esan et al., 2013). Although a recent Cochrane Review found that iron supplementation
does not increase risk of malaria where malaria prevention services are available (Neuberger et al.,
2016), there is limited evidence on the effects of iron supplementation on health outcomes in chil-
dren co-infected with HIV and malaria.

Multiple Micronutrients

Multiple micronutrient supplementation has been shown to reduce morbidity in HI V-infected chil-
dren (Mda et al., 2010a; Chhagan et al., 2009, 2010) and to improve hemoglobin concentrations and
reduce risk of anemia in HI'V-exposed children (Liu et al., 2013). Multiple micronutrient supplemen-
tation has also been shown to improve most anthropometric outcomes and appetite in ART-naive,
HIV-infected children (Mda et al., 2010b, 2013; Gautam et al., 2014). Further trials are needed to
elucidate the role of multiple micronutrient supplementation in HIV-exposed, uninfected children
to inform standard of care for this vulnerable population.
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ResearcH GAPS

Study Design

Variations across trials in dosage, timing (e.g., intermittent vs. daily), and administration (e.g., pill,
capsule, powder) limit the ability to draw definitive conclusions on the effects of supplementation on
HIV-related outcomes in children. Additionally, multiple micronutrient supplementation and varia-
tions in regimens constrain causal inference of the effects of specific micronutrients on outcomes
and the ability to compare findings across studies.

Generalizability

All of the trials were conducted in resource-limited, developing areas, limiting generalizability
beyond these settings. Additionally, some trials included children co-infected with pneumonia or
malaria (Fawzi et al., 1999; Srinivasan et al., 2012; Mda et al., 2010a; Esan et al., 2013), hindering
comparison with other studies and populations.

HIV Status in Children

Categorization of HIV status varied across trials. Although some studies explicitly identified HIV-
exposed, uninfected children, other trials included this subgroup within a more broadly defined
group of HIV-uninfected children. However, current evidence confirms that uninfected children
exposed to HIV in utero present a distinct risk profile for HIV-associated and other health outcomes
(Afran et al., 2014). Future studies should record and report the HIV status of the participating chil-
dren and the timing of its change in case of occurrence of seroconversion.

As mother-to-child transmission declines, the population of HIV-exposed, uninfected children
is increasing. Studies have reported higher rates of mortality in HIV-exposed infants compared to
HIV-unexposed infants (Brahmbhatt et al., 2006; Marinda et al., 2007; Sutcliffe et al., 2008), and
evidence suggests that this group presents higher risks of infection, malnutrition, diarrhea, and
adverse health outcomes (Evans et al., 2013). There is limited evidence on the effect of micronutri-
ent supplementation on health outcomes in HIV-exposed infants and children. Further research and
long-term longitudinal studies are needed to assess the health needs of this population, taking into
account variations in maternal ART regimen, infant feeding modality, and confirmation of HIV
status with follow-up.

Micronutrient Supplementation in the Context of Antiretroviral Therapy

Trials employed varying study designs in the context of ART, a critical factor in evaluating health
outcomes of HIV-infected populations. Although some trials administered HAART to all partici-
pants at enrollment (Ndeezi et al., 2011), other trials only included ART-naive participants (Mda
et al., 2013). Some trials stratified participants by ART status to take into account the associations
among medications, micronutrient status, and health outcomes (Ndeezi et al., 2010). In other tri-
als, ART status changed throughout the course of the trials as medication became available, which
constrains the ability to attribute improved health outcomes to micronutrient supplementation as
opposed to ART (Kupka et al., 2013). The variability in ART status limits the ability to compare
results across trials.

Additionally, HAART itself may adversely affect micronutrient status, as studies have reported
various side effects that diminish dietary intake and nutrient absorption, including diminished appe-
tite, nausea, and diarrhea (Ivers et al., 2009; Sicotte et al., 2014). Where resources permit, guidelines
recommend individualized therapy regimens based on side effects, expected adherence, individual
health profiles, co-infections, stage of disease, drug resistance, and other risk factors (Van den
Eynde and Podzamczer, 2014; WHO, 2016). Because individual receptivity to each treatment regi-
men varies, it is difficult to identify optimal treatment strategies in adjunct to ART. Health outcomes
also depend enormously on ART adherence, and in studies that did not measure adherence it is
difficult to draw conclusions on the efficacy of micronutrient supplementation interventions in the
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context of ART. Overall, in trials employing micronutrient supplementation in adjunct to ART, it is
difficult to identify causality of improved health outcomes, particularly across studies including a
range of medications.

IMPLICATIONS OF FINDINGS FOR CLINICAL CARE AND PUBLIC
HEALTH PRACTICE IN HIV-INFECTED AND HIV-EXPOSED CHILDREN

Supplementation with vitamin A is recommended for HIV-infected and HIV-exposed children,
consistent with both WHO recommendations for uninfected and unexposed children ages 6 to 59
months (WHO, 2011) and with a previous Cochrane Review conducted on this topic (Irlam et al.,
2013). Further investigation, however, is required to elucidate the effect of vitamin A supplementa-
tion in children younger than 6 months, particularly HIV-exposed infants. Additionally, although
zinc supplementation appears to reduce the risk of diarrhea in HIV-infected children, further inves-
tigation is required concerning dosage and its effect on HIV-exposed children. Randomized trials
have also suggested that multiple micronutrient supplementation reduces morbidity and improves
growth and development in both HIV-infected and HIV-exposed children. Overall, micronutrient
supplementation is likely to benefit both HIV-infected and HIV-exposed children. However, further
research is needed to evaluate recommendations, particularly in the context of antiretroviral therapy
and for HIV-exposed, uninfected children.
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INTRODUCTION

In low-income countries, undernutrition and infectious diseases are major health problems. Their
coexistence is partly due to poverty being an important determinant of both problems, but also due
to the two-way causal interactions between nutritional deficiencies and infections, whereby infec-
tions exacerbate nutritional deficiencies, which in turn increase infectious disease morbidity and
mortality. Most research has been conducted on the relationship between generalized malnutrition
or micronutrient deficiencies and childhood infections. Control of infectious diseases is now con-
sidered important in prevention of undernutrition, and evidence-based nutritional interventions have
been established to reduce childhood morbidity and mortality.

In contrast, not much research has been done to develop effective nutritional interventions that
target two of the major infectious diseases in adults: tuberculosis (TB) and HIV infection. Despite
obvious differences between HIV and TB, both are characterized by wasting and often affect
underprivileged individuals. Furthermore, HIV is a strong determinant of TB, so co-infections are

307



308 Nutrition and HIV: Epidemiological Evidence to Public Health

common. In some settings, more than half of the TB patients starting anti-TB treatment are HIV co-
infected (Range et al., 2001). Similarly, a large proportion of HIV-patients starting ART treatment
will also have TB, partly because newly diagnosed TB patients are tested for HIV and referred for
treatment and because HIV patients are screened for TB.

Some studies have shown that micronutrient supplementation may affect progression and trans-
mission of HIV (Fawzi et al., 2002, 2004), and micronutrients may be of importance for primary
TB infection or actual TB disease (van Lettow and Whalen, 2008). As such, there might be a role
for micronutrient interventions that target individuals at risk of HIV and TB infections or in the
early stages of these infections. Patients with advanced HIV infection and clinical TB disease often
live in food-insecure settings, and their habitual diet does not contain enough energy and nutrients
to meet their requirements. There is, therefore, a need for effective nutritional interventions that
target HIV and TB patients as part of comprehensive medical and social care packages. In addition
to ameliorating food security and nutritional status, such interventions may also have a beneficial
impact on disease and treatment outcomes.

HISTORY, CURRENT PRACTICES, AND RECOMMENDATIONS

TuBErRCULOSIS

Tuberculosis is an ancient disease for which effective drugs have only become available over the last
half-century. Because the cardinal manifestation of TB is wasting or cachexia, the potential role of
nutrition in its prevention and treatment was recognized early. Initially based on anecdotal evidence
and layman wisdom, but later supported by research, nutrition became the backbone of TB treat-
ment for centuries. The history of TB and the early research on the effect of nutrition and diet have
been reviewed elsewhere (van Lettow and Whalen, 2008).

After the discovery of the first effective anti-TB drugs—streptomycin in 1948 and rifampicin
in 1952 (Whalen and Semba, 2001)—nutrition was no longer the main TB therapy and apparently
did not find its place as auxiliary therapy, not even in low-income settings. A seminal study that
reflected and contributed to this paradigm shift was conducted in the late 1950s in Madras City,
now Chennai, India, and published in the paper, “The Role of Diet in the Treatment of Pulmonary
Tuberculosis: An Evaluation in a Controlled Chemotherapy Study in Home and Sanatorium Patients
in South India” (Ramakrishnan et al., 1961). In brief, patients with TB from a poverty-stricken
community in Madras City were randomized to treatment at home or at a sanitarium. Both groups
received the same treatment, but those treated at home had a markedly poorer diet while also being
physically more active, as compared to those treated at the sanatorium. The paper concluded that,
“initial chemotherapy of patients at home can be successful even if the dietary intake is low through-
out the period of treatment,” although sputum conversion seemed to occur earlier and weight was
considerably greater in those treated at the sanatorium (Ramakrishnan et al., 1961) (Figure 9.1).

Since then, TB patients have usually been treated at home, through the Directly Observed
Treatment Short-Course (DOTS) program, and do not usually receive nutritional support when
coming for drugs. The seriously sick patient, requiring initial inpatient treatment, may receive hos-
pital food, although in many settings no food at all is provided. In TB programs where nutritional
support is given, as actual food supplements, food vouchers, or cash, it has often not been specifi-
cally for nutritional reasons, but as an incentive to improve adherence, as poor adherence can be a
cause of treatment failure and transmission.

In 2013, the World Health Organization (WHO) published Guideline: Nutritional Care and
Support for Patients with Tuberculosis (WHO, 2013), which represented the first nutritional rec-
ommendations in this area. The guideline recommended that individuals with TB disease should
receive an assessment of their nutritional status and appropriate counseling. TB patients with mod-
erate undernutrition who fail to regain normal body mass index (BMI) after two months of TB
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FIGURE 9.1 Weight changes over a 12-month period, according to sex of patients and place of treatment.
(From Ramakrishnan, C.V. et al., Bulletin of the World Health Organization, 25(3), 339-359, 1961.)

treatment should be evaluated for adherence and comorbidity, receive nutrition assessment and
counseling, and, if indicated, be provided with locally available nutrient-rich or fortified supplemen-
tary foods. Furthermore, it is recommended that TB patients with severe acute malnutrition should
be treated in accordance with WHO guidelines for treatment of malnutrition.

HIV INFECTION

HIV is a more recent disease, first reported in 1980 among homosexual men in the United States
(CDC, 1981) and in Africa in 1983 (Clumeck et al., 1983). These case reports were followed by
studies showing a huge prevalence in a number of sub-Saharan countries (Melbye et al., 1986). The
early research agenda focused on drugs and vaccines, given the success from the field of TB and
other infections. The first drug, zidovudine, became available in 1987, less than a decade after the
first case reports, and effective treatment was developed within 15 years (highly active antiretroviral
treatment in the early 1990s) (Sepkowitz, 2001). Nutritional research, on the other hand, was slow to
get underway, and for many years focused on micronutrient supplementation only.

In 2003, WHO published a report from a technical consultation titled Nutrient Requirements
for People Living with HIV/AIDS (WHO, 2004), which concluded that energy requirements are
likely to increase by 10% in asymptomatic and 20% to 30% in symptomatic HIV-infected adults.
However, to date, there are no recommendations for patients with HIV, as there are for TB patients.
Currently, governments and non-governmental organizations (NGOs) are distributing various food
supplements, through either community organizations or health facilities, to HI'V patients and their
families. These include food baskets, fortified blended foods, and lipid-based nutrient supplements
(LNS). Supplementation may target HI'V patients with different stages of HIV infection (pre-ART
or ART) and may be based on different inclusion criteria or simply judgment. The objectives also
differ among supplementation programs. The aim may be to ameliorate household food insecurity,
often considerably exacerbated by HIV infection, or to increase adherence to ART programs, or
supplementation may be given in the hope that it will affect HIV progression, treatment outcomes,
and survival. The effects of such programs are rarely evaluated, and in some settings several pro-
grams are running simultaneously without proper coordination.
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POTENTIAL EFFECTS OF NUTRITIONAL INTERVENTIONS

NUTRITIONAL STATUS AT TREATMENT START

Individuals with TB are likely to have been undernourished at the time of exposure, as poverty is not
only associated with undernutrition but also with risk factors for TB exposure, which include crowding,
alcohol, and smoking (Frieden et al., 2003). The same applies to HIV, as food insecurity is associated
with unsafe sex (Kalichman et al., 2012). Although HIV often thrives in the context of socioeconomic
inequality rather than being strictly poverty driven, poor individuals are much more vulnerable to
the consequences of HIV. For both TB and HIV, even early disease stages may reduce work capacity
and result in household food insecurity, in addition to leading directly to negative energy and nutrient
balances. Furthermore, undernutrition may increase susceptibility to HIV and TB infection, and it is
certainly a risk factor for development of TB disease (i.e., a flare-up of latent TB).

Thus, as a consequence of poor nutritional status prior to exposure, as well as the indirect and
direct effects of the infection and disease, TB and HIV patients are often wasted when diagnosed
and treatment is initiated. It is important to note that even patients with normal and high BMI may
have lost lean mass (i.e., muscle and organ mass), as well as fat mass and specific nutrients. A study
among TB patients in Mwanza, Tanzania, found that TB patients starting treatment had a mean
weight deficit of 10 kg and a mean grip strength deficit of 7 kg, based on comparison with age- and
sex-matched neighborhood controls (PrayGod et al., 2011b). HIV co-infection was not associated
with increased deficits, probably reflecting that the risk of TB disease occurs early in the course of
HIV infection, as compared to other opportunistic infections (Fertel and Pitchenik, 1989). Deficits
of weight and muscle strength are likely to be smaller among HIV patients when starting ART but
depend on ART eligibility criteria, treatment lag time, and the proportion of patients with TB and
other opportunistic infections.

GENERAL AND DISEASE-SPECIFIC OUTCOMES

Nutritional deficiencies are known to have effects on a wide range of general health outcomes,
which may translate into effects on human capital. In addition, nutritional deficiencies may affect
a range of disease-specific outcomes among individuals who are exposed to TB or HIV, who have
latent or symptomatic infection, or who are receiving treatment for these infections, as shown in
Table 9.1. During treatment of either TB or HIV, nutritional deficiencies—or lack of food to go
with the medicine—may affect adherence, absorption, and metabolism of the drugs. These factors
may result in too high or too low drug concentrations, which may result in toxicities or impair effi-
cacy and lead to treatment failure and resistance. Nutritional deficiencies may also directly affect
immune functions and the infectious agent. As proof of principle, low intake of zinc results in what
amounts to a dietary thymectomy—that is, disappearance of the thymus, a key immunological
organ in both young animals (Fraker et al., 2000) and children (Schonland, 1972). Additionally,
host selenium deficiency has been shown to turn avirulent coxsackie virus virulent in a laboratory
animal model (Beck et al., 1995).

The effects of a nutritional intervention do not necessarily negate the effects of the deficiencies
it targets. Even if a deficiency is considered harmful, the nutritional intervention aimed to correct
it may paradoxically also be harmful. This has mainly been a concern in relation to micronutrient
supplementation, where iron supplementation has been shown to increase infectious disease mor-
bidity in children living in areas with a high incidence of malaria (Sazawal et al., 2006). Harmful
effects of nutrients given in a food matrix may be less likely, unless very high amounts are given,
but the possibility cannot be precluded. Similarly, giving energy to starved individuals may also be
harmful, as it may lead to the potentially fatal refeeding syndrome (Heimburger et al., 2010; Koethe
et al., 2013). A nutritional intervention, therefore, cannot simply be assumed to be beneficial or even
harmless but should be tested in rigorously conducted trials before being implemented.
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TABLE 9.1

Potential General and Disease-Specific Effects of Nutritional Deficiencies

General Health Reproduction, including fertility and pregnancy outcome
Child growth and development

Risk of infections
Risk of chronic diseases

Human capital Working capacity
Intelligence and educational achievement
Quality of life
Survival
HIV-specific  Natural history Sexual transmission

Treatment outcomes  Mother-to-child transmission
Progression of HIV infection
Opportunistic infections
Drug absorption, metabolism, efficacy, toxicity, resistance
Adherence to HIV treatment
Risk of metabolic syndrome
Mortality

TB-specific Natural history Primary, latent infection

Overt TB disease
Progression of disease

Treatment outcomes  Drug absorption, metabolism, efficacy, toxicity, resistance
Resolution of lesions
Sputum conversion, cure, recurrence, and relapse
Mortality

WHY NUTRITIONAL SUPPORT DURING TREATMENT?

Among TB patients starting treatment, both low BMI and poor early weight gain have been asso-
ciated with increased mortality (Zachariah et al., 2002; Hanrahan et al., 2010) and other adverse
treatment outcomes (Khan et al., 2006; Krapp et al., 2008). Similarly, among HIV patients, low
BMI at the start of ART is a predictor of mortality (Lawn et al., 2008; May et al., 2010; Gupta et al.,
2011), as is low weight gain during the early stage of treatment (Madec et al., 2009; Koethe et al.,
2010; Sudfield et al., 2013). For example, among 40,000 adult HIV patients starting ART in Lusaka,
Zambia, a very clear inverse relationship was seen between initial BMI and mortality (Koethe et al.,
2010). Compared to those with BMI above 18.5 kg/m?, mortality was roughly two, three, and five
times higher in those with BMI of 17 to 18.5, 16 to 17, or below 16 kg/m?, respectively. Although
such findings from observational studies certainly suggest a role for nutrition, it is important to note
that the low BMI and poor weight gain could reflect disease severity and treatment failure, although
attempts have been made to adjust for these factors. Yet, although possible effects on mortality spur
an interest in nutrition, there are many other important potential outcomes to be considered.

Most TB and HIV patients will gain weight when put on treatment. Unfortunately, this often
leads clinicians to wrongly conclude that the drugs are effective in solving the nutritional problem
that the patient may have had, and they consequently see no need for nutritional support. In fact,
such a judgment accords with the WHO recommendations for TB patients, as long as weight is
not declining and BMI is above 18.5 after the first two months of treatment (WHO, 2013). For
example, if an adult TB patient with moderate undernutrition gains 2 kg of weight during the first
two months of TB treatment, after which the BMI is 19, then the patient is considered to have nutri-
tionally recovered. If this patient, however, had originally lost 10 kg, then the aim would obviously
be to regain not just the weight lost but also the lean mass (i.e., muscles and organ tissues, which
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are essential to a range of body functions). If the regain of weight is inadequate, or if the lean mass
that was lost is replaced by fat, then the patient will not recover the body functions lost and may be
further at risk of diabetes and other chronic diseases.

It is therefore not correct to argue that treatment of the infection, which initially caused the
weight loss, and a subsequent weight gain will solve the nutritional problems of the patient. In fact,
in the short term it will actually increase the requirement for energy and nutrients as the patient tries
to regain the lost lean and fat mass.

CURRENT EVIDENCE

TUBERCULOSIS

Only few trials on the effect of food supplementation among TB patients at the initiation of treat-
ment have been conducted. A Cochrane Review from 2011 identified six trials assessing the effects
of macronutrient supplements (Sinclair et al., 2011). In Singapore, 36 TB patients were randomized
to receive either a high-energy commercial nutritional supplement for six weeks with counseling
or counseling alone (Paton et al., 2004). The supplementation resulted in a greater weight gain and,
importantly, greater gains in lean mass and grip strength. Recruitment and supplementation began
up to two weeks after the start of TB treatment. The patients were initially given 600 kcal/day,
which increased to 900 kcal/day after one week, if tolerated. In Timor-Leste, 270 new TB patients
were randomized to receive nutritional support or nutritional advice only for 32 weeks (Martins et
al., 2009). For the first eight weeks, a daily bowl of feijuada—a local stew with meat, red kidney
beans, and vegetables that provided 430 kcal/day—was served at the clinic. In the remaining 24
weeks, a food parcel containing unprepared red kidney beans, rice, and oil was given. The interven-
tion had no effect on treatment completion or adherence but resulted in a modestly higher weight
gain (10.1% vs. 7.5% of baseline weight).

In Andhra Pradesh, India, 100 TB patients, who had started treatment within two weeks were
randomized to receive nutritional supplementation or nutritional advice only for three months
(Jahnavi and Sudha, 2010). The supplement was locally produced sweet balls made from wheat
flour, caramel, groundnuts, and vegetable ghee, which provided 6 g protein and 600 kcal energy,
as well as 100 g of sprouted grains and nuts for vitamins and minerals, provided daily. The inter-
vention group had greater weight gain after three months (3.4 kg vs. 1.1 kg, or 8.6% vs. 2.6%). In
Tamil Nadu, India, a pilot study was carried out among 103 TB patients, of whom 22 were HIV
co-infected (Sudarsanam et al., 2011). The patients were randomized to either a local cereal-lentil
mixture that provided 930 kcal and a micronutrient supplement or no supplementation. There was
no effect on compliance to or completion of treatment or on body composition after one year.

In Mwanza, Tanzania, two trials were carried out among 1250 TB patients, of which 50% were
HIV co-infected (PrayGod et al., 2011a, 2012). Those with culture-positive TB and HIV co-infec-
tion were randomized to receive either one (150 kcal/d) or six (880 kcal/day) biscuits daily for the
first two months of treatment (PrayGod et al., 2012). The higher energy supplement had no overall
effects on body weight or grip strength after two months but was associated with 1.3 kg greater grip
strength after five months. However, subgroup analysis showed that, among those with CD4 counts
above 350 cells/uL, the intervention increased weight by 1.9 kg at two months and grip strength by
2.3 kg at five months, whereas there was no effect among those with low CD4 counts.

HIV INFECTION

In Malawi, 491 adult HIV patients starting ART were randomized to supplementation with LNS or
a corn—soy blend that provided 1360 kcal/day for three months (Ndekha et al., 2009). Only patients
with BMI below 18.5 were included. At the end of the three-month supplementation period, those
receiving LNS had 0.5 greater increase in BMI and 0.7 kg greater increase in lean mass, measured



Macronutrient Supplementation to HIV and TB Patients during Treatment 313

using bioimpedance. There was no difference between the groups in mortality (27% vs. 26%) or
other secondary outcomes, such as CD4 count, HIV viral load, adherence to ART, or quality of
life. A Cochrane Review of macronutrient intervention trials among HIV patients included only
trials using unsupplemented control groups (Grobler et al., 2013). No published trial data among
adults were included from HIV-prevalent, food-insecure settings; however, unpublished data from
atrial in Kenya of malnourished HIV patients starting ART were described. In this trial, 1057 HIV
patients, stratified according to ART status (pre-ART patients and patients initiating ART within
five weeks of recruitment), were randomized to receive a supplement of 300 g/day of fortified,
blended food or no supplement for six months; both groups received nutrition counseling for 12
months. The fortified, blended food was based on maize and soy, with whey protein concentrate,
and provided 1320 kcal/day. The trial found that, after the first three months, supplementation
increased weight gain by 1.22 kg in pre-ART patients and 1.12 kg in ART patients compared to no
supplementation.

In Ethiopia, 318 HIV patients starting ART were included in the ARTFood trial, which compared
the effect of LNS with whey and soy protein for the first three months of ART or the subsequent
three months (Olsen et al., 2014). HIV patients eligible for ART were included if BMI was above 16,
yet those with BMI between 16 and 17 were randomized to the early supplementation group only.
Thus, it was possible to compare the effect of LNS with whey or soy to no supplementation for the
first three months among patients with BMI above 17. After three months, those receiving LNS had
increased their weight by 2.05 kg in addition to the 0.87-kg weight gain seen among participants
receiving only ART. Furthermore, those on early supplementation gained 0.90 kg of lean body mass,
assessed by the deuterium dilution technique, compared to individuals in the control group, who in
effect did not gain lean mass at all. After six months, when all groups had completed three months of
supplementation, those receiving the delayed intervention had a 1.2-kg greater weight gain compared
to those receiving supplementation early. This secondary comparison was complicated by the fact
that those receiving early supplementation actually lost weight during the subsequent three months;
however, this weight loss was accounted for by loss of fat mass, whereas lean mass accretion contin-
ued. Actually, consumption of the supplement was reduced during the first few weeks after the start
of ART (Olsen et al., 2013); hence, intake was greater in those with delayed supplementation, but
this only partially explained the difference in weight gain. At six months, there was no difference in
lean mass, but grip strength and physical activity were higher in the early supplemented group. In
addition, at three months, those receiving the LNS with whey had a significant increase in CD3 and
CD8 and a marginally significant increase in CD4 when compared with the delayed supplementation
group. The differences between the LNS with whey or soy, however, were not significant. In contrast
to other studies, this trial did not exclude patients with BMI above a certain cut-off and found that the
effects of nutritional supplementation were not modified by BMIL.

In Tanzania and Zambia, the NUSTART trial assessed the effects of not only macro- and micro-
nutrients but also bulk minerals, such as phosphorus, potassium, and magnesium, given in LNS.
Patients starting ART with BMI below 18.5 were randomized to receive 30 g of LNS from recruit-
ment until two weeks after the start of ART and then 250 g of LNS from weeks 2 to 6 of ART,
with additional macro- and microminerals, as well as vitamins. The control group received similar
amounts of LNS, with no added vitamins and minerals. This trial was based on the paradoxi-
cally high early mortality among HIV patients starting ART, despite indications that the drugs are
effective in reducing viral load, and the observation that mortality is predicted by low serum phos-
phate, a common metabolic abnormality associated with malnutrition. This led to the hypothesis
that mortality was due to ART-related hypophosphatemia, similar to refeeding hypophosphatemia,
seen when starved individuals receive too much energy too early. Both groups gained about 5 kg
between referral for ART and 12 weeks of ART, and high-energy supplements were associated
with greater increases in anthropometric measures in the group with high vitamins and minerals
(Rehman et al., 2015). However, there was no difference in mortality rate, which was high in both
groups (NUSTART Study Team et al., 2015).
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RESEARCH GAPS

SUPPLEMENTATION PRODUCTS AND APPROACHES

A wide variety of intervention products have been used with few direct comparisons between them.
In the trial in Malawi (Ndekha et al., 2009), LNS improved anthropometry more than a corn—soy
blend. In the NUSTART trial, LNS with high levels of vitamins and minerals had modest benefits
for anthropometry over and above unfortified LNS (Rehman et al., 2015). In the ARTFood trial,
there were no significant differences between LNS that contained whey or soy protein. Overall, it
appears that high-nutrient, energy-dense LNS are a good choice in the short term for patients who
begin ART in a malnourished state. However, long-term supplementation with these products is
unlikely to be sustainable, so they are suitable only for acute care. Longer term nutritional inter-
ventions will require other foods or other approaches, such as food vouchers or livelihood support.

INcLusiON CRITERIA—ALL OR Low BMI?

Nutritional intervention studies for HIV or TB usually target patients with low BMI or food inse-
curity, or some combination of the two. The inclusion criteria should depend, in part, on what type
of intervention is planned. BMI is easier to measure precisely as a trial or programmatic outcome
compared with food insecurity. It is important if nutritional interventions for HIV or TB are to be
included in policies and scaled up that there is a strong evidence base from trials with clear aims
and inclusion criteria and evaluations that clearly address the aims, something that has not always
been the case in the past.

TIMING OF SUPPLEMENTATION

Both the ARTFood (Olsen et al., 2013, 2014) and NUSTART trials (Rehman et al., 2014) found that
appetite was depressed in the first couple of weeks after starting ART, presumably in response to
the drugs themselves. This appetite depression likely reduces the potential benefits of nutritional
supplements started at the time of starting ART, which is the most frequent approach in current con-
trolled studies. Findings from the ARTFood trial, described above, also suggested some benefits of
delaying supplementation until after viral load has declined. From a nutritional standpoint, it might
seem sensible to delay the nutritional support until several weeks after starting ART. Research
is needed to determine the optimal timing of supplementation. However, this may not always be
feasible in practice, as clinic visits, during which supplements and associated counseling could be
provided, are not scheduled within the first few weeks after starting ART in all ART programs. An
alternative approach, which needs to be investigated, would involve slowly increasing the amount of
supplementation after initiating ART.

INFLAMMATION

The NUSTART trial found that increases in anthropometric measures and lean mass were associ-
ated with decreases in systemic inflammation, as measured by C-reactive protein (CRP) (NUSTART
Study Team et al., 2015; Rehman et al., 2015; PrayGod et al., 2016). Fat mass deposition, in contrast,
was not associated with changes in CRP. This is similar to a finding of the ARTFood trial in which
lean mass deposition at three months of ART was greater in patients who had obtained an undetect-
able HIV viral load. In both cases, it appears that ongoing infection and inflammation inhibit lean
tissue deposition and, perhaps, result in fat deposition instead. In view of the need for lean mass
in the short term and the potential adverse effects of fat deposition in the long term, it is important
to investigate the reasons for ongoing inflammation and its effects on tissue deposition in patients
being treated for HIV or TB.
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Risk oF CHRONIC DISEASES

Interventions for HIV and TB in low-income countries have focused on acute care and nutritional
deficiencies; however, HIV is now becoming a chronic disease, and there is evidence that long-term
ART can increase the risks of lipid abnormalities, diabetes, hypertension, and cardiovascular dis-
ease (Narayan et al., 2014). There is also evidence that severe infections themselves (i.e., not just the
treatments) can have similar long-term risks. Currently, not much is known about the development
of such risks in patients from low-income countries who have been treated for HIV or TB or about
how to manage these risks. However, these chronic diseases in other situations can be mitigated
by nutritional interventions, so there is a need to determine what interventions may work and be
acceptable in low-income settings.

PERCEPTIONS, ACCEPTABILITY, AND PROGRAMMATIC ISSUES

Although the ARTFood and NUSTART trials both found good adherence to LNS products, several
nutritional programs have reported problems with low adherence to supplementation among HIV
patients. It is therefore important to consider how supplementation can be scaled up so that it can
be implemented through the normal HIV care facilities. There is a continued need to determine the
optimal duration and amount of supplementation. The ARTFood trial showed beneficial effects of
three months of supplementation with 200 g/day of LNS, although other experiences from supple-
mentation programs suggest that larger amounts of LNS for extended periods may not be feasible
(Kebede and Haidar, 2014). Other barriers to adherence have been identified as patients’ concerns
about the risk of HIV disclosure and, in some settings, patients’ dislike of the taste of LNS, which
is often very different from their usual foods. On the other hand, the fact that LNS products are
distinct from household foods and provided with medical treatment can facilitate patient adherence
and reduce the risk of supplements being shared among household members (Olsen et al., 2013). It
is crucial to consider acceptability issues in the specific context of supplementation programs. In
settings where patients are affected by general food insecurity, other types of programs are needed
to complement the time-limited nutritional support at the initiation of treatment.

CONCLUSION

Nutritional support to TB and HIV patients is important. The first few months may be particularly
critical, as the energy and nutrient requirements are very high. If these are not met, then patients
may not regain lost tissues and functions and may even be at risk of chronic diseases. However, a
number of research questions remain to be addressed in order to inform revisions to policies and
programs aimed at promoting good nutrition among people with HIV and TB infections.
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cobalamin, 208, 278; see also vitamin B,
cognitive development, 78
colostrum, 249
complete early virologic response (cCEVR), 163
copper, 278, 298-300
coronary artery disease (CAD), vitamin D and, 164
cotrimoxazole (CTX), 91, 267
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ergocalciferol, 176 HAART, see highly active antiretroviral therapy
erythrocyte sedimentation rate, 163 height for age (HAZ)
Escherichia coli, 13, 259 iron supplementation, and, 137, 140, 141
esophageal candidiasis, 4 vitamin B supplementation, and 62, 77
exclusive breastfeeding (EBF), 247-248, 252, 262, 263, zinc supplementation, and 202

265, 266 hemoglobin
exclusive formula feeding (EFF), 247 ART, and, 143
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fever, 3—4 33,73, 79, 80, 82
vitamin B supplementation, and, 77 iron, and, 91, 136, 140-143, 145-146
multivitamin supplementation, and 297, 298 lipid-based nutrient supplements, and, 143
zinc supplementation, and, 297 micronutrient supplementation, and, 239, 299, 302-303
fibroblast growth factor 23 (FGF-23), 176 selenium, and, 199-200, 237
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multivitamins, and, 237
risk of, 245-246, 265
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vitamin D, and, 163
neural tube defects, 79, 208
nevirapine, 140, 143, 177, 245, 246, 264, 298
niacin, 28, 29, 30, 33, 73, 74, 76, 77, 78, 79-80, 81, 208,
278; see also vitamin B
biomarkers for, 30
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201-202, 298
NUSTART trial, 313, 314, 315
nutritional status prior to HIV exposure, 310
nutritional supplementation, 307-315
timing of, 314
Nutrition for Healthy Living (NFHL), 29
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vitamin B supplementation, and, 28, 33, 73, 74-76, 81
vitamin D, and, 165
zinc, and, 193, 236
President’s Emergency Plan for AIDS Relief (PEPFAR), 20
preterm birth
iron, and, 93, 114, 115, 118, 134
maternal anemia, and, 234
micronutrients, and, 208, 211, 223, 224, 232, 237
multivitamins, and, 238
selenium, and, 235
vitamin B, and, 31, 36, 37, 50, 52, 55, 74, 75, 81
vitamin D, and, 165
zidovudine, and, 234
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143
sorghum, 12
STACCATO HAART, 142
Staphylococcus aureus, 13
State—Trait Anxiety Inventory (STAI), 200
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